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1APPLICATION OF FLOW CYTOMETRY IN PLANT IMPROVEMENT
1 2 1 1 L . T ró n  , A. M é s z á r o s  , M. B a l á z s  , J .  S z ö l l ő s i
^ B i o p h y s i c a l  I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  H-4012 D e b r e c e n ,  
MERIKLÓN R e s e a r c h  L a b o r a t o r i e s ,  H -1028 B u d a p e s t
R e c e n t  d e v e l o p m e n t s  a n d  a d v a n c e s  i n  p l a n t  p h y s i o l o g y  
/ r e g e n e r a t i o n  o f  t h e  w ho le  p l a n t  f ro m  a  s i n g l e  p r o t o p l a s t /  
made f l o w  c y t o m e t r y  a  p r o m i s i n g  m e th o d  o f  p r a c t i c a l  i m p o r t a n c e  
i n  t h e  f i e l d  o f  p l a n t  im p ro v e m e n t  and h y b r i d  p l a n t  p r o d u c t i o n .  
P r o t o p l a s t  f u s i o n  seem s t o  p l a y  a  r o l e  o f  g r o w in g  s i g n i f i c a n c e  
b e c a u s e  o f  t h e  w id e  r a n g e  o f  o p p o r t u n i t i e s  o f f e r e d  by t h i s  
t e c h n i q u e  f o r  t r a n s f e r  o f  g e n e t i c  i n f o r m a t i o n .
A p p l i c a t i o n  o f  p r o t o p l a s t  f u s i o n  a i m i n g  h y b r i d  p l a n t  p r o ­
d u c t i o n  o f  s p e c i e s  w i t h  o u t s t a n d i n g  e c o n o m ic  v a l u e  i s  l i m i t e d  
by t h e  i n h e r e n t  l a b o r - i n t e n s i v e  f e a t u r e s  o f  t h e  m e th o d .  F low  
c y t o m e t r y  p r o v i d e s  an  u n i v e r s a l  p o s s i b i l i t y  t o  s o l v e  t h e  
p r o b le m  o f  d i s t i n g u i s h i n g  a n d  p h y s i c a l l y  s e p a r a t i n g  h e t e r o -  
c a r y o n s  f ro m  h o m o c a ry o n s  and  u n f u s e d  p r o t o p l a s t s  i n  a r e l i a b l e  
a n d  h i g h  s p e e d  m a n n e r .  The b a s i s  o f  t h e  m e th o d  l i e s  i n  t h e  
v i t a l  s t a i n i n g  o f  p r o t o p l a s t s  w i t h  d i f f e r e n t  f l u o r e s c e n c e  
m a r k e r s  a n d  t h e  g a t i n g  o f  s o r t i n g  by t h e  s i m u l t a n e o u s  
a p p e a r a n c e  o f  f l u o r e s c e n c e  e m i s s i o n  f ro m  b o t h  o f  t h e  p a r e n t a l  
s i d e s .
A f u r t h e r  p o t e n t i a l  a p p l i c a t i o n  o f  f l o w  s o r t i n g  may b e  
b a s e d  on  i n t r i n s i c  f l u o r e s c e n c e  o f  c e r t a i n  p r o t o p l a s t s  o r  
s p e c i f i c  s t a i n i n g  f o r  V7e.ll d e f i n e d  c e l l u l a r  c o n s t i t u e n t s .
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2FLOW CYTOMETRIC DETERMINATION OF SPERM NUMBER IN DILUTED BULL 
EJACULATES
L. M á ty u s -*-, J .  T a k á c s 2 , J .  S z ö l l ő s i -*- , M. B a l á z s “*-, R.. G á s p á r  j r í " ,  
G. S zab ó  j r .  , ,  L. T ró n  , I .  R e s l i ^ ,  S .  D a m ja n o v ic h 1
^ B i o p h y s i c a l  I n s t i t u t e ,  M edic el U n i v e r s i t y ,  H-4012 D e b r e c e n ,  
A n im a l  B r e e d i n g  E n t e r p r i s e  o f  D e b r e c e n ,  H-4001
H i g h - s p e e d  f l o w  c y t o m e t r i c  i n v e s t i g a t i o n s  w e re  c a r r i e d  o u t  
t o  d e t e r m i n e  o b j e c t i v e l y  t h e  nu m b er  o f  s p e r m a to z o a  i n  d i f f e r e n t  
sem en  s a m p l e s .  A n a l y s i s  was made w i t h  a  FACS I I I  / B e c t o n -  
D i c k i n s o n / f l u o r e s c e n c e - a c t i v a t e d  c e l l  s o r t e r  a n d  s e p a r a t o r ,  
a t  a  s p e e d  o f  1 . 0 0 0  c e l l s  p e r  a  s e c o n d .
I t  was o b s e r v e d  t h a t  t h e  n u m b er  o f  c e l l s  c o u n t e d  o n  t h e  
b a s i s  o f  l i g h t - s c a t t e r i n g  may c o n s i d e r a b l y  d i f f e r  f r o m  t h e  
a c t u a l  d a t a  a s  a  r e s u l t  o f  s a m e - s i z e d  p a r t i c l e s  p r e s e n t  i n  t h e  
s a m p l e .  The t o t a l  num ber  o f  c e l l s  c a l c u l a t e d  a s  t h e  sum o f  
l i v e  /FDA+ / a n d  d e a d  /Р 1 + / c e l l s  i n  a  d o u b le  s t a i n e d  s a m p le  
i s  n o t  c o r r e c t ,  s i n c e  a c e r t a i n  p a r t  o f  t h e  sp e rm  p o p u l a t i o n  
i s  b e tw e e n  t h e  tw o  s p e c i f i e d  s t a t e s  and  d o e s  n o t  t a k e  up 
e i t h e r  o f  t h e  d y e s .  The num ber  o f  s p e r m a t o z o a  c a n  b e  d e t e r m i n e d  
e x a c t l y  i f  t h e  s a m p le  i s  t r e a t e d  w i t h  N o n id e t  P - 4 0  d e t e r g e n t  
a n d  s t a i n e d  w i t h  p r o p i d i u m  i o d i d e .  A l l  t h e  c e l l  n u c l e i  c a n  be  
d e t e c t e d  i n  t h i s  way and  t h e  a c t u a l  num ber  o f  s p e r m a t o z o a  i n  
t h e  sam p le  c a n  b e  d e t e r m i n e d  w i t h  a  r e l a t i v e  e r r o r  o f  2 t o  
5 p e r c e n t .
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3COMPARATIVE INVESTIGATION OF MEMBRANE POTENTIAL MEASUREMENTS 
BY FLOW CYTOMETRIC AND SPECTROFLUORIMETRIC METHODS
M. B a l á z s ,  L. M á ty u s ,  J .  S z ö l l ö s i ,  L. T r ó n ,  S .  D a m ja n o v ic h
B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -4012 D e b re c e n
C y t o p l a s m i c  membrane p o t e n t i a l  o f  BALB/c m ouse t h y m o c y te s  
h a s  b e e n  d e t e r m i n e d  by f lo w  c y t o m e t r i c  a n d  s p e c t r o f l u o r i m e t r i c  
m e th o d s ,  u s i n g  3 , 3 ' - d i h e x v l - o x a c a r b o c v a n i n e  /D iO C , / f l u o r é s -D
c e n t  d y e .  The a m o u n t  o f  t h i s  l i p o p h y l i c  c a t i o n  i n c o r p o r a t e d  
i n t o  t h e  c y t o p l a s m i c  membrane i s  d e p e n d e n t ,  among o t h e r s ,  
upon  t h e  t r a n s m e m b r a n e  p o t e n t i a l ,  s o  t h e  d y e  i s  s u i t a b l e  f o r  
c o n t i n u o u s  m o n i t o r i n g  o f  c h a n g e s  i n  v a l u e  o f  t h i s  p a r a m e t e r .
R e s u l t s  o f  t h e  f l o w  c y t o m e t r i c  a n d  s p e c t r o f l u o r i m e t r i c  
m e th o d s  o b t a i n e d  w i t h  a l i q u o t s  o f  t h e  same s t a i n e d  s a m p le s  
h a s  b e e n  c o m p a r e d .  A t i m e -  and  c o n c e n t r a t i o n - d e p e n d e n t  d e p o ­
l a r i z i n g  e f f e c t  o f  t h e  dye DiOCg h a s  b e e n  f o u n d .  T h i s  d y e -  
i n d u c e d  d e p o l a r i z a t i o n  c a n  be o b s e r v e d  e v e n  a t  v e r y  low  
/ o r d e r  o f  1 - 1 0  nM/ c o n c e n t r a t i o n s ,  a l t h o u g h  a f t e r  p r o l o n g e d  
i n c u b a t i o n  t i m e .
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4DETERMINATION OF THE EFFICIENCY OF FLUORESCENCE RESONANCE ENER­
GY TRANSFER ON NORMAL AND LEUKEMIC MOUSE LYMPHOCYTES BY THE 
USE OF A SINGLE-BEAMED FLOW CYTOMETER
J .  S z ö l l ő s i 1 , L. M á ty u s 1 , L .  T r ó n 1 , M. B a l á z s 1 , I .  E m ber2 ,
S .  Damjanovich-*-
1 2B i o p h y s i c a l  I n s t i t u t e  a n d  I n s t i t u t e  o f  H y g ie n e  a n d  E p i d e m i o -  
M e d ic a l  U n i v e r s i t y ,  H -4 0 1 2  D e b re c e n
R e c e n t l y ,  we h a v e  d e v e l o p e d  a  m e th o d  f o r  t h e  d e t e r m i n a t i o n
o f  t h e  e f f i c i e n c y  o f  f l u o r e s c e n c e  r e s o n a n c e  e n e r g y  t r a n s f e r
/FRET/ on  a s i n g l e  c e l l  b a s i s  b y  t h e  u s e  o f  a  f l o w  c y t o m e t e r
c a p a b l e  o f  d u a l  w a v e l e n g t h  e x c i t a t i o n  / T r ó n ,  L. e t  a l . ,
B i o p h y s .  J .  4 5 :  9 3 9 - 9 4 6 ,  1 9 8 4 / .  W i th  some m o d i f i c a t i o n s ,  t h e
m e th o d  h a s  b e e n  a p p l i e d  s u c c e s s f u l l y  f o r  a s i n g l e - b e a m e d  f l o w
c y t o m e t e r  /FACS I I I / .  The e f f i c i e n c i e s  o f  FRET w e re  m e a s u r e d
b e tw e e n  f l u o r e s c e i n  a ted  a n d  r h o d a m i n a t e d  c o n c a n a v a l i n  А /С о п -А /
b o u n d  t o  n o r m a l  a n d  l e u k e m i c  m ouse  l y m p h o c y t e s .  T h e r e  was no
d i f f e r e n c e  b e tw e e n  t h e  tw o  c e l l  t y p e s  i n  FRET e f f i c i e n c i e s
d e t e r m i n e d  a t  d i f f e r e n t  f l u o r e s c e i n  t o  r h o d a m in e  m o l a r  r a t i o s .
F i t t i n g  t h e  v a l u e s  o f  FRET e f f i c i e n c i e s  t o  t h e o r e t i c a l  c u r v e s
d e s c r i b i n g  e n e r g y  t r a n s f e r  p r o c e s s e s  i n  two d i m e n s i o n s ,  a n
+ 4 2a b s o l u t e  s u r f a c e  d e n s i t y  o f  / 1 - 0 . 1 5 / х 1 0  / ц т  c a n  be  d e t e r m i n e d
f o r  Con-A b i n d i n g  s i t e s .  H o w e v e r ,  t h e  sm oo th  s p h e r e  m o d e l
3 2l e a d s  t o  c a l c u l a t e d  s u r f a c e  d e n s i t i e s  o f  3 ,6 x 1 0  /urn a n d  
3 22 ,9 x 1 0  / ц т  f o r  n o rm a l  a n d  l e u k e m i c  l y m p h o c y t e s ,  r e s p e c t i v e l y .  
T h e s e  d a t a  c o n f i r m  o u r  e a r l i e r  f i n d i n g ,  t h a t  t h e  Con-A b i n d i n g  
s i t e s  on t h e  c e l l  s u r f a c e  a r e ,  t o  some d e g r e e ,  m i c r o a g g r e g a t e d .
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5FLOW CYTOMETRIC IDENTIFICATION OF LIVE AND DEAD SPERM SUBPOPU­
LATIONS IN BULL EJACULATES
J .  S z ö l l ő s i 1 . T. T a k á c s 2 , м. B a l á z s 1 , R. G á s p á r  j r . 1 , L .  M á ty u s 1 , 
G. S zab ó  j r .  , L .  T r ó n 1 , I .  R e s l i  , S .  D a m ja n o v ic h 1
^ B i o p h y s i c a l  I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  H-4012 D e b r e c e n ,  
"^Animal B r e e d i n g  E n t e r p r i s e ,  H -4001  D e b r e c e n
F low  c y t o m e t r y  was u s e d  t o  e x a m in e  t h e  d i s t r i b u t i o n  o f  
d ead  a n d  l i v e  c e l l s  i n  f r e s h ,  e q u i l i b r a t e d  a n d  d e e p - f r o z e n  
b u l l  s p e r m  s a m p l e s .
F l u o r e s c e i n  d i a c e t a t e  /FDA/ p r o v e d  t o  b e  a  r e l i a b l e  m eans  
o f  m e a s u r i n g  l i v e  c e l l  f r a c t i o n  o n l y  i n  t h e  c a s e  o f  f r e s h  
s a m p l e s .  FDA+ / l i v e /  s u b p o p u l a t i o n  d o e s  n o t  d e t a c h  f ro m  t h e  
r e s t  o f  t h e  p o p u l a t i o n  i n  e q u i l i b r a t e d  s a m p l e s  and  t h e  o v e r l a p  
o f  FDA+ and  FDA s u b s e t s  i s  e v e n  m ore  m a rk e d  i n  f r o z e n  s a m p l e s .  
T h ese  d i s c r e p a n c i e s  b e tw e e n  t h e  r e s u l t s  o b t a i n e d  a t  f r e s h  a n d  
f r o z e n  o r  e q u i l i b r a t e d  s a m p le s  a r e  p r o b a b l y  due t o  b o t h  
g l y c e r i n e  a n d  e g g  y o l k  c o n t e n t ,  a s  w e l l  a s  t o  t h e  c e l l u l a r  
c h a n g e s  c a u s e d  b y  f r e e z i n g  i n  n o n - f r e s h  s a m p l e s .
DiOCg h a s  b e e n  found  t o  b e  a p t  t o  m ark  t h e  l i v i n g  c e l l  
c o n c e n t r a t i o n  i n  d e e p - f r o z e n  a n d  e q u i l i b r a t e d  s a m p l e s .  The 
f l u o r e s c e n c e  i n t e n s i t y  o f  DiOC, c o r r e l a t e s  w i t h  t h e  membrane
О
p o t e n t i a l .  T h i s  a l l o w s  us  t o  d i s t i n g u i s h  b e tw e e n  t h e  d i f f e r e n t  
s u b p o p u l a t i o n s  o f  l i v e ,  f u n c t i o n a l l y  d e a d ,  a n d  t o t a l l y  d e a d  
c e l l s  e a s i l y .
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6FLOW CYTOMETRIC CONTROL OF BULL SEMEN EQUILIBRATION BEFORE 
FREEZING
1 2  2 2 T. T a k á c s  , J .  S z ö l l ő s i  , M. B a l a z s  , R. G á s p á r  j r .  , L .
M á ty u s 2 , G. S z a b ó  j r .  , L . T r ó n 2 , I .  R e s l i  , S . D a m ja n o v ic t i
1 2 A n im a l  B r e e d i n g  E n t e r p r i s e  o f  D e b r e c e n ,  H -4 0 0 1 ,  B i o p h y s i c a l
I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  H -4012  D e b re c e n
One o f  t h e  m o s t  i m p o r t a n t  p h a s e s  o f  semen p r e s e r v a t i o n  i n  
t h e  d e e p  f r e e z i n g  t e c h n o l o g y  i s  t h e  e q u i l i b r a t i o n  / s t o r a g e  a t  
4 ° C / ,  t h e  d u r a t i o n  o f  w h ic h  e f f e c t s  t h e  p o s t - f r e e z i n g  v i a b i l ­
i t y  o f  s p e r m a t o z o a .  I n  o r d e r  t o  d e c r e a s e  t h e  p r o p o r t i o n  o f  
dam aged  c e l l s  i t  i s  v e r y  i m p o r t a n t  t o  o p t i m i z e  t h e  e q u i l i b r a ­
t i o n  t i m e .  S p e rm  c e l l s  o f  t h e  sam e e j a c u l a t e s  w e re  h a n d l e d  
s i m u l t a n e o u s l y  w i t h  TRIS a n d  J o n d e t  e x t e n d e r .  E v e ry  s e c o n d  
h o u r  f rom  t h e  2nd  t o  t h e  3 0 t h  h o u r s  o f  e q u i l i b r a t i o n  a l i q u o t s  
w e r e  f r o z e n  b y  t h e  C a sso u  m e th o d .  The d e e p  f r o z e n  s t r a w s  w e re  
k e p t  i n  l i q u i d  n i t r o g e n .  Thawn s a m p l e s  w e re  d i l u t e d  1 : 1 0 0  
w i t h  RPMI b u f f e r  a n d  s t a i n e d  w i t h  f l u o r e s c e n t  d y e s ,  d i h e x y l -  
- o x a c a r b o c y a n i n  i o d i d e  /DiOCg/ a n d  p r o p i d i u m  i o d i d e  / Р 1 / .
S t a i n e d  s a m p l e s  w ere  a n a l y s e d  u s i n g  a  f lo w  c y t o f l u o r i m e t e r , 
a n d  t h e  p r o p o r t i o n s  o f  l i v e  /D iOCg+ / and d e a d  c e l l s  / P I  / 
w e re  d e t e r m i n e d  a s  a f u n c t i o n  o f  t h e  e q u i l i b r a t i o n  t i m e .  
O p t im a l  l i v e  f r a c t i o n s  w e re  o b t a i n e d  a t  d i f f e r e n t  d u r a t i o n  
o f  e q u i l i b r a t i o n  u s i n g  TRIS a n d  J o n d e t  e x t e n d e r .
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7COMPUTER ANALYSIS OF RESULTS GAINED BY FLOW CYTOMETRY
P . N agy , L . V e z e n d i ,  L. T a k á c s ,  L . M á ty u s ,  G. S z a b ó ,  j r . ,  
J .  S z ö l l ő s i ,  L .  T ró n ,  R. G á s p á r ,  j r .
B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -4012 D e b re c e n
M u l t i p a r a m e t e r  a n a l y s i s  o f  h e t e r o g e n e o u s  c e l l  p o p u l a t i o n s  
c a n  be  p e r f o r m e d  by f lo w  c y t o f l u o r i m e t r y  o n  a  c e l l  by  c e l l  
b a s i s  w i t h  h i g h  s p e e d  a n d  a c c u r a c y .  I t  i s  c o n v e n i e n t  t o  f i t  
r e c o r d e d  s p e c t r a  o f  ho m o g en eo u s  c e l l  p o p u l a t i o n s ,  u s u a l l y  
c o l l e c t e d  i n  128 d a t a  c h a n n e l s ,  b y  s i n g l e  G a u s s i a n  f u n c t i o n s .  
D a ta  o r i g i n a t i n g  f ro m  a h e t e r o g e n e o u s  c e l l  p o p u l a t i o n  c a n  be 
d e s c r i b e d  a s  a  sum o f  i n d i v i d u a l  G a u s s i a n s ,  e a c h  o f  them  
c h a r a c t e r i z i n g  a  s u b p o p u l a t i o n  w i t h i n  t h e  w h o le  s a m p l e .  I t  i s  
d e s i r a b l e  t o  r e s o l v e  t h e  o v e r l a p p i n g  G a u s s i a n  f u n c t i o n s  o f  
s u c h  a  c e l l  p o p u l a t i o n  i n t o  c o m p o n e n t  p e a k s .  A s p e c i a l l y  
o r i e n t e d  c o m p u t e r  p ro g ra m  h a s  b e e n  c r e a t e d  f o r  t h i s  p u r p o s e .  
U s in g  t h i s  p r o g r a m  one  c a n  d e c o m p o se  a  c o m b in e d  f u n c t i o n  i n t o  
f o u r  G a u s s i a n s . A f t e r  a n  i n i t i a l  g u e s s  o f  t h e  p a r a m e t e r s  o f  
t h e  c o m p o s i t  G a u s s i a n  f u n c t i o n s  s e v e r a l  i t e r a t i o n s  a r e  
p e r f o r m e d  a n d  t h e  c a l c u l a t e d  a n d  e x p e r i m e n t a l  c u r v e s  a r e  
c o n t i n u o u s l y  d i s p l a y e d  on  a  CRT.
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HUNGARIAN AND FOREIGN ORIGIN
1 2  1 1 M. B a l á z s  , T. T a k á c s  , J .  S z j l l S s i  , R .^ G á s p á r  j r .  , L . I^lá-
t y u s 1 , G. S zab ó  j r .  , L . T r ó n  , I .  R e s l i  , S .  D a m ja n o v ic h
^ B i o p h y s i c a l  I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  H -4012  D e b re c e n  
A n im a l  B r e e d i n g  E n t e r p r i s e  o f  D e b r e c e n ,  H -4001
T r a d i t i o n a l  l a b o r a t o r y  m e th o d s  / c e l l  c o u n t i n g  w i t h  
h e m a c y to m e te r  and  m i c r o s c o p i c  e s t i m a t i o n  o f  m o t i l e  s p e r m a t o z o a  
f r a c t i o n /  a n d  f l o w  c y t o m e t r y  was u s e d  f o r  a  c o m p a r a t i v e  
a n a l y s i s  o f  21 d e e p - f r o z e n  sem en  s a m p l e s .  N in e  im p o r t e d  
s a m p le s  / d i f f e r e n t  i n  o r i g i n /  a n d  12 s a m p le s  o b t a i n e d  f ro m  
4 H u n g a r i a n  a n i m a l  b r e e d i n g  s t a t i o n s  w e re  a n a l y s e d  t h r o u g h o u t  
t h e  e x p e r i m e n t s .  The r e s u l t s  sh o w ed  no d i f f e r e n c e  b e tw e e n  t h e  
a v e r a g e d  sp e rm  num ber  a n d  l i v e  c e l l  p r o p o r t i o n  g a i n e d  by 
t r a d i t i o n a l  a n d  f l o w  c y t o m e t r i c  m e t h o d s .  A t  t h e  same t i m e ,  
t h e r e  w ere  r e m a r k a b l e  d i s c r e p a n c i e s  b e tw e e n  t h e  r e s u l t s  by 
t h e s e  m e th o d s  i n  t h e  c a s e  o f  i n d i v i d u a l  s a m p l e s . The r e p r o ­
d u c i b i l i t y  o f  How c y t o m e t r i c  m e a s u r e m e n t s  /CV=2-5 %/ e x c e e d e d  
s i g n i f i c a n t l y  t h a t  o f  c o n v e n t i o n a l  l a b o r a t o r y  m e a s u r e m e n ts  
/CV= 25 %/. F low  c y t o m e t r y  a l s o  g a v e  e v i d e n c e  o f  t h e  a p p r o x i ­
m a t e l y  i d e n t i c a l  t o t a l  c e l l  n u m b e r  i n  a l l  t h e  a n a l y s e d  i n s e m i ­
n a t i o n  d o s e s .  H o w ever ,  t h e  l i v e  c e l l  f r a c t i o n  was s i g n i f i c a n t l y  
/ р < 0 . 0 5 /  l o w e r  i n  i m p o r t e d  s a m p l e s  t h a n  i n  H u n g a r i a n  o n e s .
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VITALITY OF CELLS
L. M á ty u s ,  L .  V e z e n d l ,  L . T a k á c s ,  L. T r ó n ,  J .  S z ö l l ő s i ,
P .  Nagy, M. B a l á z s .  S .  D a m ja n o v ic h
B i o p h y s i c a l  I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  H -4012  D e b re c e n
Dye e x c l u s i o n  t e s t s  a r e  w i d e l y  a p p l i e d  t o  m e a s u re  
v i t a l i t y  o f  c e l l s .  T h e se  m e th o d s  r e l y  on  t h e  o b s e r v a t i o n  
t h a t  a p p r o p r i a t e  d y e s  / e . g .  p r o p i d i u m  i o d i d e  -  P I /  c a n  o n l y  
p e n e t r a t e  t h r o u g h  damaged m e m b ra n e s . The f l u o r e s c e i n  d i a c e t a t e  
/FDA/ t e s t  a l s o  c a n  be u s e d  f o r  t h e  same p u r p o s e ,  a s  t h e  
f l u o r e s c e i n ,  t h e  h y d r o l y s e d  p r o d u c t  o f  t h e  FDA i s  a c c u m u l a t e d  
o n l y  i n  c e l l s  w i t h  i n t a c t  c y t o p l a s m a  m em b ran e .
The e s s e n t i a l  d ra w b a c k  o f  t h e  a b o v e  p r o c e d u r e s  l i e s  i n  
t h e  f a c t  t h a t  t h e  sum o f  t h e  l i v e  /FDA+ / a n d  d e a d  /Р 1 + / c e l l s  
i s  l e s s  t h a n  t h e  t o t a l  num ber  o f  t h e  c e l l s .  A c c o r d i n g  t o  o u t  
m e th o d  c e l l u l a r  v i t a l i t y  c a n  be  i n v e s t i g a t e d  by  s t a i n i n g  w i t h  
d i h e x y l o x a c a r b o c y a n i n e  i o d i d e  /D iO C g /.  I t  i s  p o s s i b l e  t o  
d e t e r m i n e  w i t h  t h i s  m embrane p o t e n t i a l  i n d i c a t o r  t h e  f r a c t i o n  
o f  c e l l s  w i t h  p h y s i o l o g i c a l  membrane p o t e n t i a l  a s  w e l l  a s  t h a t  
o f  c e l l s  h a v i n g  d e c r e a s e d  o r  z e r o  m em brane p o t e n t i a l s  b e c a u s e  
o f  membrane d a m a g e .  I n  o u r  e x p e r i m e n t s  a l i q u o t s  w e re  t a k e n  
f ro m  a  c e l l  s u s p e n s i o n  a f t e r  d i f f e r e n t  i n c u b a t i o n  t i m e  a t  
45°C f o r  s i m u l t a n e o u s  P I ,  FDA an d  DiOCg s t a i n i n g .  The r e s u l t s  
show t h a t  t h e  DiOCg t e s t  i s  s u p e r i o r  t o  t h e  o t h e r s  i n  y i e l d i n g  
m ore  r e l i a b l e  a n d  d e t a i l e d  i n f o r m a t i o n  a b o u t  c e l l u l a r  v i t a l i t y .
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DENSITY AND MODULATION OF SURFACE ANTIGENS ON MONONUCLEAR 
CELLS IN SLE
P .  S u r á n y i 1 , I .  S o n k o l y 1 , M. Z e h e r 1 , Gy. S z e g e d i 1 ,
S . Damj a n o v i  ch  2
1 2 I l l r d  D e p a r tm e n t  o f  M e d i c i n e ,  B i o p h y s i c a l  I n s t i t u t e ,
M e d i c a l  U n i v e r s i t y ,  H -4012  D e b r e c e n
I n  s y s t e m i c  l u p u s  e r y t h e m a t o s u s  / SLE/ many i m m u n o l o g i c a l  
a b n o r m a l i t i e s  h a v e  b e e n  o b s e r v e d .  N orm al f u n c t i o n s  o f  ly m p h o ­
c y t e s  r e q u i r e  a n t i g e n  b i n d i n g  r e c e p t o r s  / s lg M  o n  В ly m p h o c y te s  
a n d  T 3 -T i  c o m p le x  on  T c e l l s /  a n d  s u r f a c e  m o l e c u l e s  f o r  c e l l ­
c e l l  i n t e r a c t i o n s  /Т 4 ,  T8 a n d  H LA-Dr. / .  I n  t h i s  s t u d y  t h e  s u r ­
f a c e  d e n s i t y  o f  t h e s e  a n t i g e n s  was m e a s u re d  w i t h  im m u n o f lu o -  
r e s c e n t  s t a i n i n g  by t h e  u s e  o f  a  f l o w  c y t o m e t e r  on  m o n o n u c le a r  
c e l l s  f ro m  p a t i e n t s  w i t h  SLE. The d e n s i t i e s  o f  T 3 , T 4 , T8 a n d  
s lg M  w e re  t h e  same on  SLE l y m p h o c y t e s  a s  on l y m p h o c y t e s  f ro m  
h e a l t h y  s u b j e c t s ,  w h i l e  t h e  d e n s i t y  o f  HLA-Dr a n t i g e n s  d e ­
c r e a s e d  on  t h e  SLE p a t i e n t s '  m o n o c y te s .
The m o d u l a t i o n  o f  T 3 - T i  c o m p le x  i s  an  o b l i g a t o r y  s t e p  i n  
t h e  p h y s i o l o g i c a l  T c e l l  a c t i v a t i o n .  T h i s  mem brane p r o c e s s  
was a l s o  s t u d i e d  i n  p a t i e n t s  w i t h  SLE. The m o d u l a t i o n  o f  T3 
a n t i g e n  a f t e r  c u l t u r i n g  t h e  c e l l s  i n  t h e  p r e s e n c e  o f  a n t i - T 3  
m o n o c lo n a l  a n t i b o d y  was m e a s u r e d  a s  t h e  a n t i g e n  d e n s i t y  
d e s c r i b e d  p r e v i o u s l y .  The m o d u l a t i o n  o f  T3 a n t i g e n  was 
i m p a i r e d  i n  t h e  d i s e a s e ,  t h i s  d e f e c t  m ig h t  r e s u l t  i n  t h e  
known T c e l l  h y p o f u n c t i o n .  T h e r e  was no a l t e r a t i o n  i n  t h e  
m o d u l a t i o n  o f  T4 and  T8 a n t i g e n s .
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THE INVESTIGATION OF THE ACTIVATION HEAT IN VARIOUS CROSS- 
STRIATED FROG MUSCLES
D. L ő r i n c z i
B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -7624  P é c s
A c c o r d in g  t o  t h e  o r i g i n a l  d e f i n i t i o n  o f  H i l l  / 1 9 4 9 /  t h e  
a c t i v a t i o n  h e a t  i s  p r o d u c e d  b y  a t r i g g e r  r e a c t i o n  d u r i n g  
w h ic h  t h e  m u s c l e  g e t s  t o  s u c h  p o s i t i o n  i n  w h ic h  i t  c a n  
s h o r t e n  an d  w ork  b u t  i t s  c o n t r a c t i l e  c o m p o n e n t  m akes n e i t h e r  
i n n e r  n o r  o u t e r  s h o r t e n i n g .
I t s  d e t e r m i n a t i o n  was made by t h e  s u b t r a c t i o n  o f  t h e  
s h o r t e n i n g  h e a t  f r o m  t h e  c u r r e n t  h e a t  p r o d u c t i o n .  The 
a c t i v a t i o n  h e a t  c a n  e x t e n d  f r o m  10 t o  80 % o f  t h e  t o t a l  
h e a t  p r o d u c t i o n  a c c o r d i n g  t o  t h e  r e s u l t s  o b t a i n e d  by d i f f e r e n t  
m e t h o d s .
S p l i t t i n g  o f  c r o s s - b r i d g e s  w i t h o u t  m a c r o s c o p i c  s h o r t e n i n g  
may b e  one  e x p l a n a t i o n  f o r  t h e s e  d i f f e r e n t  r e s u l t s .
O ur  m e a s u r e m e n t s  were made so  t h a t  t h e  m u s c l e  was 
s t r e t c h e d  t o  "Д- s t a t e "  w here  t h e  e x c i t a t i o n - c o n t r a c t i o n  
c o u p l i n g  e x i s t s  b u t  t h e  m y o f i b r i l l a r  o v e r l a p  i s  z e r o .  E x p e r i ­
m e n ts  w e re  made i n  m. s a r t o r i u s ,  m. s e m im e m b ra n o su s  a n d  m. 
g a s t r o c n e m i u s  o f  R ana  e s c u l e n t a  a t  room  t e m p e r a t u r e  d u r i n g  
s i n g l e  t w i t c h  / s t i m u l a t e d  w i t h  s q u a r e  w ave i m p u l s e  o f  б V,
30 m s / .
A c c o r d in g  t o  o u r  m e a s u r e m e n ts  a n d  t h e  l a t e s t  d a t a  i n  
l i t e r a t u r e  t h e  a c t i v a t i o n  h e a t  i s  a b o u t  o n e  t h i r d  o f  t h e  
t o t a l  h e a t  p r o d u c t i o n .  The m a i n t e n a n c e  h e a t  i n  t e t a n i  o f  
2 s 66 Hz i s  a b o u t  20 % o f  t o t a l  h e a t .
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THE EFFECTS OF ACTIN ON THE POSITION OF THE MYOSIN HEADS IN 
THE INSECT FLIGHT MUSCLE
K.. T r o m b i t á s ,  A. T i g y i - S e b e s
C e n t r a l  L a b o r a t o r y ,  M e d ic a l  U n i v e r s i t y ,  H -7643 P é c s
The m o l e c u l a r  m e c h a n ism  o f  m u s c l e  c o n t r a c t i o n  i s  s u p p o s e d  
t o  c o n s i s t  o f  c y c l i c  movement o f  m y o s in  h e a d s .  D u r in g  a  c y c l e  
t h e  i n t e r a c t i o n  o f  t h e  m y o s in  h e a d s  w i t h  t h e  a c t i n  f i l a m e n t s  
r e s u l t s  i n  t h e  c o n t r a c t i l e  f o r c e .  Two s t a t e s  o f  t h i s  c y c l e  
w e r e  v i s u a l i z e d  b y  e l e c t r o n m i c r o s c o p e : i n  r i g o r  t h e  h e a d s  
w e r e  a t t a c h e d  t o  t h e  a c t i n  f i l a m e n t s  i n  a n g l e d  p o s i t i o n ,  
w h e r e a s  i n  r e l a x e d  s t a t e  t h e y  w e re  d i s s o c i a t e d  f ro m  t h e  a c t i n  
f i l a m e n t s  and  a r r a n g e d  i n  p e r p e n d i c u l a r  p o s i t i o n .  The s t u d i e s  
w h ic h  d e a l t  w i t h  t h e  h e a d  m ovem ent w e re  c a r r i e d  o u t  m a i n l y  i n  
t h e  p r e s e n c e  o f  a c t i n  f i l a m e n t s . T h i s  e l e c t r o n m i c r o s c o p i c  
s t u d y  t r i e s  t o  a n s w e r  t h e  q u e s t i o n  how t h e  a c t i n  m o l e c u l e s  
i n f l u e n c e  t h e  p o s i t i o n s  o f  t h e  m y o s in  h e a d s .  The f r e s h  m u s c le s  
w e r e  c h e m i c a l l y  s k i n n e d  w i t h  TRITON 100 X n o n i o n i c  d e t e r g e n t  
a n d  t r e a t e d  w i t h  e i t h e r  r e l a x i n g  o r  r i g o r  i n d u c i n g  s o l u t i o n s .  
R e la x e d  m u s c l e : I n  t h e  H z o n e  t h e  m y o s in  h e a d s  a r e  d i s s o c i a t e d  
f r o m  t h e  f i l a m e n t  b a c k b o n e  a n d  d i s p e r s e d  among t h e  m y o s in  
f i l a m e n t s .
R i g o r  m u s c l e : I n  t h e  a b s e n c e  o f  a c t i n  t h e  m y o s in  h e a d s  a r e  
a d h e r e d  t o  t h e  f i l a m e n t  b a c k b o n e  a n d  become i n v i s i b l e .  I n  t h e  
p r e s e n c e  o f  a c t i n  / e i t h e r  i n  f i l a m e n t o u s  fo rm  o r  i n  c r o s s -  
l i n k e d  G f o rm /  t h e  m y o s in  h e a d s  a r e  sw in g e d  o u t  f ro m  t h e  
b a c k b o n e  a n d  b ecom e v i s i b l e .
C o n c l u s i o n s  : I n  c o n t r a s t  w i t h  t h e  g e n e r a l l y  a c c e p t e d  o p i n i o n  
t h e  h e a d s  n o t  a t t a c h e d  t o  a c t i n  f i l a m e n t s  c a n  a l s o  b e  v i s u ­
a l i z e d .  I n  r i g o r  m u s c le  two s t a t e s  o f  t h e  m y o s in  h e a d s  e x i s t :  
i n  t h e  p r e s e n c e  o f  a c t i n  t h e  h e a d s  d i s s o c i a t e  f r o m  t h e  b a c k ­
b o n e  / i n d e p e n d e n t l y  w h e th e r  t h e y  fo rm  c r o s s b r i d g e s  o r  n o t / ,  
b u t  i n  t h e  a b s e n c e  o f  a c t i n  t h e  h e a d s  a r e  a s s o c i a t e d  w i t h  t h e  
f i l a m e n t  b a c k b o n e .
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DYNAMICAL ORDER OF CROSS-BRIDGES IN THE PRESENCE OF ATP AS 
STUDIED BY SATURATION TRANSFER EPR
J .  B e l á g y i ,  L .  P ó tó
C e n t r a l  L a b o r a t o r y ,  M e d i c a l  U n i v e r s i t y ,  H -7624 P é c s
C r o s s - b r i d g e  o r d e r i n g  an d  m o t i o n a l  d y n a m i c s  o f  t h e  m y o s in  
h e a d  r e g i o n  w e r e  i n v e s t i g a t e d  i n  g l y c e r i n a t e d  s k e l e t a l  and  
c a r d i a c  m u s c l e  f i b r e s  u s i n g  m a le im id e  n i t r o x i d e  s e l e c t i v e l y  
a t t a c h e d  t o  t h e  f a s t  r e a c t i n g  t h i o l  s i t e s  i n  m y o s in .
The EPR s p e c t r a  o f  m u s c l e  f i b r e s  w h ic h  w e re  s p i n - l a b e l l e d  
a f t e r  d i t h i o n i t r o b e n z e n e - E D T A  t r e a t m e n t  e x h i b i t e d  l a r g e  o r i e n ­
t a t i o n a l  o r d e r .  The o r d e r i n g  o f  c r o s s - b r i d g e s  d e p e n d e d  
s t r o n g l y  o n  t h e  m e c h a n i c a l  s t a t e  o f  t h e  m u s c l e  f i b r e .  I n  
r e l a x i n g  medium  a n d  i n  a c t i v a t i n g  s o l u t i o n  t h e  c r o s s - b r i d g e  
o r d e r  was s i g n i f i c a n t l y  d e c r e a s e d  i n  c o m p a r i s o n  w i t h  r i g o r  
s h o w in g  t h a t  i n  r e l a x e d  s t a t e  a n d  d u r i n g  t h e  f o r c e  g e n e r a t i o n  
c y c l e  t h e  s t e r i c  d i s t r i b u t i o n  o f  m y o s in  h e a d s  w i t h  r e s p e c t  t o  
t h e  f i b r e  a x i s  was s t r o n g l y  i n f l u e n c e d  by  ATP.
The d i s o r d e r  i s  d y n a m i c a l  on t h e  s a t u r a t i o n  t r a n s f e r  /S T /  
EPR t i m e  s c a l e  ; t h e  r o t a t i o n a l  c o r r e l a t i o n  t i m e s  w e re  
d e c r e a s e d  f ro m  > 1 ms t o  a b o u t  200  fis and  50  P s ,
r e s p e c t i v e l y ,  p r o v i d i n g  e v i d e n c e  t h a t  t h e  m o t i o n  o f  t h e  m y o s in  
d o m a in s  was a n i s o t r o p i c  i n  t h e  p r e s e n c e  o f  ATP.
The c o m p a r i s o n  o f  t h e  c o n v e n t i o n a l  a n d  ST EPR s p e c t r a  f o r  
s k e l e t a l  a n d  c a r d i a c  m u s c l e  f i b r e s  show ed  t h a t  t h e  s m a l l e r  
o r d e r i n g  i n  c a r d i á c  m u s c le  e v e n  i n  r i g o r  was p a r t l y  due  t o  
r e s i d u a l  m o t io n  o f  m y o s in  h e a d s .
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EFFECTS OF LEG-IMMOBILIZATION ON THE PARAMETERS OF MUSCLE 
MECHANOGRAM
I .  O c s o v s z k i ,  E .  K o c s i s ,  A. H e rm an ,  A. T ö rö k  
B i o c h e m i c a l  I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  H -6 7 0 1  S z e g e d
A d a p t a t i o n  o f  s o l e u s  m u s c l e  f ro m  New Z e l a n d  r a b b i t s  
/ 2 - 2 . 5  k g /  was s t u d i e d  f o l l o w i n g  0 ,  1 ,  2 ,  4 ,  6 w e e k s  i m m o b i l i ­
z a t i o n  by p l a s t e r  c a s t .  Our a i m  was t o  f i n d  o u t  c h a n g e s  o f  t h e  
m e c h a n i c a l  p a r a m e t e r s  i n d u c e d  b y  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  
s o l e u s  a f t e r  d i f f e r e n t  p e r i o d s  o f  i m m o b i l i z a t i o n .
The i n t a c t  m u s c l e  w e r e  r e m o v e d  q u i c k l y  /<  5 m in /  f ro m  
a n a e s t h e t i z e d  a n i m a l s  an d  p l a c e d  i m m e d i a t e l y  i n t o  T y ro d e  s o l u ­
t i o n .  The s o l u t i o n  was t h e r m o s t a t e d  and b u b b l e d  w i t h  o x y g e n .
I s o m e t r i c  c o n t r a c t i o n s  w e r e  e v o k e d  by s i n g l e  s t i m u l i .
T he  s t i m u l u s  w as s q u a r e  p u l s e  o f  v o l t a g e  a n d  i t  was s t a n d a r d ­
i z e d  /1 0 0  mA a n d  10 m s / .  T h e s e  p a r a m e t e r s  o f  s t i m u l a t i o n  
p r o v i d e d  s u p r a m a x im a l  s t i m u l u s  a t  50 mN p r e - t e n s i o n .  The 
m e c h a n i c a l  r e s p o n s e s  w e re  a n a l y z e d  by a m i c r o c o m p u t e r .
R e s u l t s :  w i t h  i n c r e a s i n g  t h e  t i m e  o f  i m m o b i l i z a t i o n  t h e  
h a l f - t i m e  o f  c o n t r a c t i o n  d e c r e a s e d  f ro m  70 ms t o  58 ms on  
a v e r a g e  /S y = 1 5 % /.  The m a x im a l  t e n s i o n  n o r m a l i z e d  f o r  t h e  m ass 
o f  m u s c le  was i n c r e a s e d  f ro m  200 mN/g t o  6 0 0  mN/g. The r a t e
o f  c o n t r a c t i o n  r i s e d  f ro m  4 N / s g  t o  24 N / s g  t h e  r a t e  o f  r e l a x a -
dFt i o n  r i s e d  f ro m  3 N / s g  t o  9 . 5  N / s g  l^l - The i m p u l s e  o f  t w i t c h  
i n c r e a s e d  f ro m  6 m N s/g  t o  36 m N s/g .
Our r e s u l t s  s u g g e s t  t h a t  t h e  s lo w  f i b r e s  o f  s o l e u s  t u r n e d  
i n t o  f a s t  o n e s  i n  a  h i g h  p r o p o r t i o n .  T h i s  c o n c l u s i o n  i s  p r o v e d  
by  h i s t o c h e m i c a l  a n d  b i o c h e m i c a l  e x p e r i m e n t s ,  a s  w e l l ,  p e r ­
fo rm e d  a t  o u r  i n s t i t u t e .
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KINETIC INVESTIGATION OF K+ EFFLUX IN MUSCLE 
Z. Hummel
B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y , H - 7 6 4 3  P é c s
F r o g  s a r t o r i u s  m u s c l e s  w e re  p r e t r e a t e d  i n  1 1 .6  M /87%/ 
i o n - f r e e  g l y c e r o l  f o r  o n e  h o u r  a t  +2°C . T hen  h a l f  o f  them  
w e re  p u t  i n  5 .8  M g l y c e r o l  s o l u t i o n  c o n t a i n i n g  55 mM NaCl 
a t  - 1 2 ° C .  The r e l e a s e  o f  p o t a s s i u m  d u r i n g  e x p o s u r e  t o  t h e
5 . 8  M g l y c e r o l  s o l u t i o n  was s i g n i f i c a n t l y  f a s t e r  i n  t h e  
p r e s e n c e  o f  Na+ t h a n  i n  i o n - f r e e  c i r c u m s t a n c e s .  The m e a s u r e d  
K+ c o n t e n t  o f  m u s c l e  a s  f u n c t i o n  o f  t i m e  o f  t h e  5 . 8  M 
g l y c e r o l  t r e a t m e n t  w as a p p r o x i m a t e d  by sum o f  two e x p o n e n t i a l  
t e r m s  w i t h  d i f f e r e n t  t i m e  c o n s t a n t s ,  n a m e ly  a s
К (t )  = A * e x p (B t)  + C ' e x p ( D t ) .
The e x p e r i m e n t a l  K+ c o n t e n t s  f i t  v e r y  w e l l  t h i s  t y p e  o f  
t h e o r e t i c a l  c u r v e .  Two f r a c t i o n s  o f  p o t a s s i u m  w e r e  f o u n d .
The f a s t  f r a c t i o n ,  w i t h  7x10  ^ (h o u r  o f  t i m e  c o n s t a n t ,  
g o t  i n  t h e  g l y c e r o l  s p a c e  a t  t h e  v e r y  e a r l y  b e g i n n i n g  o f  t h e
5 .8  M g l y c e r o l  t r e a t m e n t ,  b u t  t h e  o t h e r  f r a c t i o n ,  w i t h
-3  - 19x10  ( h o u r  ) ,  g o t  t o  t h e  g l y c e r o l  s p a c e  v e r y  s l o w l y .  The 
f a s t  K+ f r a c t i o n  o f  t h e  m u s c l e  t r e a t e d  w i t h  Na+ c o n t a i n i n g  
g l y c e r o l  was 0 . 4 3  mgK/g w e t  w e i g h t  l a r g e r  t h a n  t h a t  o f  t h e  
m u s c le  i n  i o n - f r e e  g l y c e r o l .  I n d i r e c t  e v i d e n c e s  f o r  e x i s t a n c e  
o f  a Na+ b i n d i n g  r e a c t i o n  w e r e  f o u n d  a t  t h e  o u t s e t  o f  g l y c e r o l  
e x p o s u r e  o f  t h e  m u s c l e .  The Na+ b i n d i n g  i n d u c e s  t h e  f a s t  K+ 
r e l e a s e .  On t h e  b a s i s  o f  t h e  Na+ b i n d i n g  m o d e l ,  t h e  p r o p a g a t e d  
a c t i o n  p o t e n t i a l  i s  i n t e r p r e t e d .
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THE IMPORTANCE OF BIOPHYSICAL METHODS IN THE PRACTICE OF 
ARTIFICIAL INSEMINATION
1 1 2 2 , 2I .  R e s l i  , T .  T a k á c s  , M. B a l a z s  , J .  S z ö l l o s i  , L . M atvus  ,
G. Szabó  j r .  , L .  T r ó n 2 , R. G á s p á r  j r .  , S .  D a m ja n o v ic h ^
1 2 A n im a l  B r e e d i n g  E n t e r p r i s e  o f  D e b r e c e n ,  H -4 0 0 1 ,  B i o p h y s i c a l
I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  H -4012 D e b re c e n
The c o r r e c t  c h a r a c t e r i z a t i o n  o f  sem en i s  o f  g r e a t  im p o r ­
t a n c e  i n  a r t i f i c i a l  i n s e m i n a t i o n  m a t e r i a l  p r o d u c t i o n .  The 
o b j e c t i v e  b i o p h y s i c a l  d e t e r m i n a t i o n  o f  q u a n t i t a t i v e  an d  
q u a l i t a t i v e  p a r a m e t e r s  o f  sem en  may r a t i o n a l i z e  s p e rm  p r o d u c ­
t i o n  o f  an  a r t i f i c i a l  i n s e m i n a t i o n  s t a t i o n .  The num ber  o f  
o f f s p r i n g s  o f  b u l l s  o f  t h e  h i g h e s t  g e n e t i c  v a l u e  c a n  b e  
i n c r e a s e d  i n  t h i s  w ay .
R e c e n t l y  u s e d  r o u t i n e  m e th o d s  o f  sem en q u a l i f i c a t i o n  a r e  
n o t  s a t i s f a c t o r y  f o r  o b j e c t i v e  e v a l u a t i o n .  F low  c y t o m e t r y ,  a s  
a  new m e th o d  o f  sem en e v a l u a t i o n ,  o f f e r s  a  f a i r  p o s s i b i l i t y  
t o  d e t e r m i n e  t h e  e x a c t  num ber  o f  sp e rm  c e l l s  a n d  t h e  p e r c e n ­
t a g e  o f  l i v i n g  s p e r m a t o z o a  i n  b o t h  f r e s h l y  t a k e n  a n d  d e e p -  
- f r o z e n  s a m p l e s .  E x p l o r i n g  t h e  a d v a n t a g e s  o f  t h i s  m e th o d ,  
t h e  number o f  s t r a w s  made f ro m  o n e  e j a c u l a t e  c a n  b e  i n c r e a s e d  
a n d  e j a c u l a t e s  w i t h  low  f e r t i l i t y  c a n  b e  d i s t i n g u i s h e d .  The 
m e th o d  c a n  b e  u s e d  a l s o  t o  o p t i m i z e  sem en p r e s e r v a t i o n  
t e c h n i q u e s .
Flow c y t o m e t r i c  d e t e c t i o n  o f  X a n d  Y chrom osom e b e a r i n g  
s p e r m a to z o a  o f f e r s  im m e d ia t e  c o n t r o l  f o r  s e x  o r i e n t a t i o n  
m e th o d s  by  v a r i o u s  p h y s i c a l  o r  b i o c h e m i c a l  t e c h n i q u e s .
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THE APPLICATION POSSIBILITIES OF THE APPARATUS MUTACALC 
S .  G á s p á r ,  К. Módos, Gy. R on tó
B i o p h y s i c a l  I n s t i t u t e ,  S em m elw eis  M e d ic a l  U n i v e r s i t y ,  
H-1088 B u d a p e s t
D u r in g  t h e  o p e r a t i o n  o f  t h e  a p p a r a t u s  MUTACALC c o n t r o l l e d  
p h a g e  d e v e l o p m e n t  c y c l e s  t a k e  p l a c e .  I n  t h e  c a s e  o f  e a c h  c y c l e  
t h e  p a r a m e t e r s  c h a r a c t e r i z i n g  t h e  c y c l e  c a n  b e  d e t e r m i n e d :  t h e  
l a t e n c y  p e r i o d  a n d  i t s  s t a n d a r d  d e v i a t i o n ,  t h e  m u l t i p l i c i t y  o f  
i n f e c t i o n  a n d  i n  some c a s e s  t h e  m a g n i tu d e  o f  t h e  a v e r a g e  b u r s t  
s i z e  a s  w e l l .
The b i o l o g i c a l  p r o c e s s  c h a r a c t e r i z e d  w i t h  t h e  p a r a m e t e r s  
c a n  b e  i n f l u e n c e d  w i t h  p h y s i c a l  a n d  c h e m i c a l  e f f e c t s  a t  t h e  
f o l l o w i n g  p o i n t s  o f  a t t a c k :
-  o n  t h e  h o s t  b a c t e r i a
-  o n  t h e  p h a g e s
-  o n  t h e  p h a g e - b a c t e r i u m  c o m p le x e s
A c c o r d i n g  t o  o u r  m e a s u re m e n ts  a  r e l a t i o n  c a n  be  shown b e tw e e n  
t h e  d e g r e e  o f  t h e  e f f e c t  a n d  t h e  c h a n g e  o f  o n e  o r  m ore  
p a r a m e t e r s  o f  t h e  p h a g e - d e v e l o p m e n t  c y c l e .  The m o s t  i m p o r t a n t  
b i o l o g i c a l  r e a c t i o n s ,  w h ic h  c a n  b e  c h a r a c t e r i z e d  q u a n t i t a t i v e l y  
t h e  k i n e t i c s  o f  p h a g e  i n a c t i v a t i o n ;  -  t h e  t o x i c i t y  /w h ic h  c a n  
b e  m e a s u r e d  by t h e  i n c r e a s e  o f  t h e  l a t e n c y  p e r i o d  o f  t h e  a v e r ­
a g e  b u r s t  s i z e  o f  t h e  b a c t e r i a / ;  t h e  r e p a i r a b l e  o r  n o n - r e p a i r -  
a b l e  n u c l e o p r o t e i n  dam ages a n d  t h e i r  d i s t i n c t i o n .  By t h e  
d e t e r m i n a t i o n  o f  t h e s e  e f f e c t s  a n d  p a r a m e t e r s  t h e  p h a g e  d e v e l ­
o p m e n t  c y c l e  c a n  b e  o p t i m i z e d  a s  w e l l .
The l i s t e d  e f f e c t s  may a p p e a r  j o i n t l y ,  t h e r e f o r e  t h e i r  
a p p r o p r i a t e  s e p a r a t i o n  i s  n e c e s s a r y  a t  e a c h  m e a s u r e m e n t .  I n  
o u r  o p i n i o n  t h e  s o l u t i o n  l i e s  i n  t h e  c o m p le x  c o m p u te r  p r o c e s s  
c o n t r o l  a n d  d a t a  p r o c e s s i n g  / e x p e r t  s y s t e m /  c o n n e c t e d  t o  t h e  
a p p a r a t u s  / u n d e r  d e v e l o p m e n t / .
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MEASUREMENT OF TOXIC EFFECT OF CHEMICALS WITH THE APPARATUS 
MUTACALC
K. M ódos, S .  G á s p á r ,  A. F e k e t e ,  Gy. R o n tó
B i o p h y s i c a l  I n s t i t u t e ,  Sem m elw eis  M e d i c a l  U n i v e r s i t y ,  H -1083 
B u d a p e s t
By t h e  a i d  o f  t h e  a p p a r a t u s  MUTACALC t h e  v a r i o u s  p o i n t s  
o f  a t t a c k  o f  t h e  t o x i c  e f f e c t s  o f  c h e m i c a l s  c a n  b e  i n v e s t i g a t e d .  
The e f f e c t  i s  c h a r a c t e r i z e d  q u a n t i t a t i v e l y  i n  e a c h  c a s e .  The 
p o s s i b i l i t i e s  o f  m e a s u r e m e n t  a r e  t h e  f o l l o w i n g :
-  The t o x i c  e f f e c t  e x e r t e d  d i r e c t l y  o n  p h a g e s  r e s u l t s
i n  i n a c t i v a t i o n  k i n e t i c s  o f  m u l t i - h i t  c h a r a c t e r .  I n  t h i s  c a s e  
t h e  e f f e c t  i s  c h a r a c t e r i z e d  by  t h e  k i n e t i c a l  c o n s t a n t  b e l o n g ­
i n g  t o  t h e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  c h e m i c a l .
-  The g r o w t h  r a t e  o f  b a c t e r i a  i s  d e c r e a s e d  by t o x i c  
c h e m i c a l s .  I n  t h i s  c a s e  t h e  c h a r a c t e r i s t i c  q u a n t i t y  i s  t h e  
d e c r e a s e  o f  t h e  g r o w th  r a t e  r e l a t e d  t o  u n i t  c h e m i c a l  c o n c e n t r a ­
t i o n .
-  I n  p h a g e - b a c t e r i u m  c o m p l e x e s  t h e  l a t e n c y  p e r i o d  o f  
p h a g e  d e v e l o p m e n t  i n c r e a s e s  c o m p a r e d  t o  t h a t  o f  n o rm a l  p h a g e  
d e v e l o p m e n t .  The r e l a t i v e  i n c r e a s e  / r e l a t e d  a l s o  t o  u n i t  
c o n c e n t r a t i o n  o f  c h e m i c a l /  g i v e s  i n  t h i s  c a s e  t h e  d e g r e e  o f  
t o x i c i t y .
-  The d i r e c t  e f f e c t  on  p h a g e s  i n  t h e  c o u r s e  o f  i n t r a -  
b a c t e r i a l  d e v e l o p m e n t  c a n  b e  d i s t i n g u i s h e d  f ro m  t h e  e f f e c t  
a p p e a r i n g  on  b a c t e r i a .  The g r o w t h  r a t e  o f  b a c t e r i a  i s  s e t  by  
t h e  v a r i a b l e  d i l u t i o n  r a t e  t o  t h e  v a l u e  c o r r e s p o n d i n g  t o  t h e  
t o x i c  v a l u e .  The l a t e n c y  p e r i o d  m e a s u r e d  i n  t h i s  way a r e  
c o m p a re d  w i t h  t h e  d e g r e e  o f  t o x i c i t y  m e a s u r e d  o n  t h e  
p h a g e - b a c t e r i u m  c o m p l e x e s .
The c a s e s  a r e  i l l u s t r a t e d  by  c o n c r e t e  e x a m p le s  w h ic h  
c a n  be  m e a s u r e d  w i t h  t h e  a p p a r a t u s  MUTACALC / i n  c o n s t r u c t i o n / .
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MUTACALC APPARATUS TYPE O P-217  FOR DETERMINATION OF MUTAGENIC 
ACTIVITY OF CHEMICALS
I .  S z ő k e ,  P .  S z ű c s
RADELKIS E l e c t r o c h e m i c a l  I n s t r u m e n t s  C o . ,  H -1300  B u d a p e s t
The m u ta g e n i c  a c t i v i t y  o f  c h e m i c a l s  i s  d e t e r m i n e d  v i a  
t h e  c o n t i n u o u s  e v a l u a t i o n  o f  t h e  p h a g e  d e v e lo p m e n t  c y c l e  
t a k i n g  p l a c e  w i t h i n  a  g i v e n  p h a g e - b a c t e r i u m  c o m p le x  /Т 7 ,
E . c o l i  В / .  By means o f  t h e  a p p a r a t u s ,  t h e  q u a n t i t y  c h a r a c ­
t e r i z i n g  t h e  m u t a g e n ic  a c t i v i t y  o f  c h e m i c a l s ,  t h e  s o  c a l l e d  
d im e r  e q u i v a l e n t  d o s e  /DED/ c a n  b e  d e t e r m i n e d .  The h o s t  c e l l s  
o f  s t a b l e  p h y s i o l o g i c a l  p a r a m e t e r s  a r e  p r o d u c e d  i n  t h e  
c h e m o s t a t  a t  c o n s t a n t  t e m p e r a t u r e  and  w i t h  c o n t i n u o u s  s t i r r i n g  
a n d  o x y g e n  s u p p l y .  The d i v i s i o n  t i m e  o f  b a c t e r i a  c a n  b e  s e t  
by  t h e  r a t e  o f  n u t r i e n t  i n f l u x .  I n  t h e  t r e a t m e n t  u n i t  
t h e  p h a g e s  a r e  i n c u b a t e d  a t  c o n s t a n t  t e m p e r a t u r e  i n  t h e  
p r e s e n c e  o f  t h e  c h e m i c a l  t o  b e  t e s t e d .  The a p p a r a t u s  f e e d s  
h o s t  c e l l s  f ro m  t h e  c h e m o s t a t  a n d  a p p r o p r i a t e l y  d i l u t e d  an d  
t r e a t e d  p h a g e s  f ro m  t h e  t r e a t m e n t  u n i t  i n t o  t h e  b i o l o g i c a l  
r e a c t o r . A f t e r  t h e  r e a c t i o n  t h e  s a m p le  i s  f o r w a r d e d  f ro m  t h e  
r e a c t i o n  c e l l s  t o  t h e  f l o w - t h r o u g h  c u v e t t e  o f  t h e  o p t i c a l  
m e a s u r i n g  u n i t . The d a t a  c h a r a c t e r i z i n g  t h e  i n a c t i v a t i o n  o f  
p h a g e s  a r e  o b t a i n e d  f ro m  t h e  l i g h t  s c a t t e r i n g  o f  t h e  s o l u t i o n s  
w h ic h  a r e  f u r t h e r  e v a l u a t e d  b y  t h e  d a t a  p r o c e s s i n g  u n i t  o f  t h e  
m i c r o p r o c e s s o r  u n i t .  The r e s u l t s  o b t a i n e d  c a n  b e  v i s u a l i z e d  o n  
a  CRT d i s p l a y  a n d / o r  f o r  f u r t h e r  p r o c e s s i n g  a  h a r d c o p y  c a n  b e  
m a d e .
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COMPARISON OF ACTION SPECTRA OF CRYSTALLIZED URACIL LAYERS AND 
T7 PHAGES BY THE AID OF MUTACALC
L . H e r é n y i ,  J .  F i d y ,  S .  G ásp á r
B i o p h y s i c a l  I n s t i t u t e ,  Sem m elw eis M e d i c a l  U n i v e r s i t y ,  H-1088 
B u d a p e s t
Upon i l l u m i n a t i n g  a  c r y s t a l l i z e d  t h i n  u r a c i l  l a y e r  by a n  
a d e q u a t e  U V - l i g h t ,  a  p r o c e s s  o f  d i m e r  f o r m a t i o n  s t a r t s .  T h i s  
p r o c e s s  r e s u l t s  i n  a  d e c r e a s e  o f  l a y e r ' s  a b s o r p t i o n ,  w h ic h  
w as  a p p l i e d  t o  c o n s t r u c t  an  U V - d o s i m e t e r . S i n c e  t h e  s p e c t r a l  
s e n s i t i v i t y  o f  t h e  u r a c i l  l a y e r  a n d  t h e  T 7 -p h a g e  / c o n s i d e r i n g  
i t  a s  a ch rom osom e m o d e l /  a r e  i n  t h e  same r a n g e  o f  w a v e l e n g t h ,  
t h e  u r a c i l  l a y e r  c o u l d  be  s u i t a b l e  f o r  m e a s u r i n g  t h e  g e n e t i c a l  
d a m a g in g  e f f e c t  o f  U V - l i g h t .
The a c t i o n  s p e c t r u m  o f  T 7 - p h a g e  w i t h  r e s p e c t  t o  i t s  
i n a c t i v a t i o n  was d e t e r m i n e d  by  MUTACALC e q u i p m e n t .  T h i s  m eans 
t h a t  we c o u l d  d e f i n e  t h e  g e n e t i c a l  d a m a g in g  e f f e c t  o f  U V - l i g h t  
a s  w e l l .
D i v i d i n g  t h e  d e t e r m i n e d  a c t i o n  s p e c t r u m  o f  u r a c i l  l a y e r  
d u e  t o  t h e  d e c r e a s e  o f  i t s  a b s o r p t i o n  c a u s e d  b y  t h e  U V - l i g h t ,  
b y  t h e  a c t i o n  s p e c t r u m  o f  T 7 -p h a g e  a  s p e c i a l  f u n c t i o n  was 
o b t a i n e d .  T h i s  f u n c t i o n  d e t e r m i n e s  t h e  c h a r a c t e r i s t i c  f e a t u r e s  
o f  t h e  f i l t e r  u s e d  t o  c o r r e c t  t h e  i l l u m i n a t i n g  l i g h t  f o r  o u r  
d o s i m e t e r  w i t h  t h e  a im  o f  g e t t i n g  a n  a v e r a g e  e f f e c t  p r o p o r t i o n ­
a l  t o  t h e  g e n e t i c a l  d am ag in g  e f f e c t  o f  t h e  o r i g i n a l  i l l u m i n a ­
t i n g  l i g h t .
Thus t h e  t h i n  l a y e r  w i t h  t h e  f i l t e r  i s  s u i t a b l e  f o r  
m e a s u r i n g  s e l e c t i v e l y  t h e  d a m a g in g  e f f e c t  o f  v e r y  low  i n t e n s i t y  
r a d i a t i o n  f o r m i n g  a  c o m p o n en t  o f  c o m p o s i t e  l i g h t  / f o r  e x a m p le  
s u n l i g h t / .
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MUTAGENECITY TESTING OF FOOD CONSTITUENTS BY THE APPARATUS 
MUTACALC
A. F e k e t e ,  S .  G á s p á r ,  К . M ódos, Gy. R on tó
B i o p h y s i c a l  I n s t i t u t e ,  Sem m elw eis  M e d ic a l  U n i v e r s i t y ,  H-1038 
B u d a p e s t
A new a u to m a t e d  i n  v i t r o  s c r e e n i n g  s y s t e m  a n d  a p p a r a t u s ,  
MUTACALC was d e v e l o p e d  f o r  t h e  c h a r a c t e r i z a t i o n  o f  m u ta g e n ic  
e f f e c t  o f  c h e m i c a l s .  The m e th o d  i s  b a s e d  on  t h e  m e a s u re m e n t  
o f  t h e  i n a c t i v a t i o n  c u r v e  o f  T7 p h a g e s  w i th  t h e  a i d  o f  E .  c o l i  
В h o s t  c e l l s .  The m u t a g e n i c i t y  i n d e x  /DED/ i s  c a l c u l a t e d  f ro m  
t h e  i n i t i a l  p a r t  o f  t h e  d o s e - e f f e c t  c u r v e .
Up t o  now a b o u t  60 c h e m i c a l s  h a v e  b e e n  i n v e s t i g a t e d ,  
among o t h e r s  s e v e r a l  p s o r a l e n  d e r i v a t i v e s .  P s o r a l e n s  a r e  
p r e s e n t  i n  many p l a n t  s p e c i e s  i n c l u d i n g  p a r s l e y ,  c a r r o t ,  
c e l e r y  e t c . ,  t h e i r  b i n d i n g  t o  n u c l e o p r o t e i n s  t a k e s  p l a c e  i n  
tw o s t e p s .  The f i r s t  s t e p  i s  t h e  f o r m a t i o n  o f  a  r a d i a t i o n  i n ­
d e p e n d e n t  c o m p le x  / d a r k  b i n d i n g / ,  t h e  s e c o n d  s t e p  i s  i n d u c e d  
by i r r a d i a t i o n  w i t h  UV-A r a d i a t i o n .  B o th  s t e p s  w e re  i n v e s t i ­
g a t e d  b y  MUTACALC. B e s i d e s ,  o t h e r  f o o d s t u f f s  w e re  t e s t e d :  
a r t i f i c i a l  s w e e t e n e r s  a s  s o d iu m  s a c c h a r i n  an d  s o d iu m  c y c l a m a t e ,  
s o d iu m  n i t r i t e  u s e d  f o r  m e a t  p r e s e r v a t i o n  an d  a g e n t s  w h ic h  
im p ro v e  f e e d  c o n v e r s i o n  o f  a n i m a l s :  R a l g r o ,  C a r b a d o x ,  Z e r a n o l ,  
1 7 - ß - e s t r a d i o l  e t c .  B a se d  o n  t h e  o b t a i n e d  m u t a g e n e c i t y  i n d e x  
/DED/ t h e  c h e m i c a l s  c a n  b e  c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  
m u t a g e n i c  p o t e n c y .  The l e s s  t h e  DED v a l u e  t h e  more d a n g e r o u s  
t h e  c h e m i c a l  i s  w i t h  r e s p e c t  t o  m u t a g e n e c i t y .  O ur r e s u l t s  
a r e  c o m p a re d  w i t h  t h e  r e s u l t s  o f  o t h e r  q u a l i t a t i v e  m u ta g e n e ­
c i t y  / c a r e  i n o g e n e c i t y  t e s t s .
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SPERM ENZYME ACTIVITY AND LECTIN-BINDING MAY BE USED FOR 
DETECTION OF AGENTS WHICH HARM MAMMALIAN GERM CELLS
G. F i c s o r ,  L .C .  G i n s b e r g
D e p a r tm e n t  o f  B i o l o g y  a n d  B i o m e d i c a l  S c i e n c e s ,  W e s te r n  
M ic h ig a n  U n i v e r s i t y ,  K a la m a z o o ,  M ic h ig a n  49008 /USA/
Sperm i s  r e a d i l y  a v a i l a b l e  f o r  t h e  s t u d y  o f  e n v i r o n m e n ­
t a l l y - i n d u c e d  dam age  t o  g e rm  c e l l s .  We t e s t e d  t h e  h y p o t h e s i s  
w e t h e r  o r  n o t  a g e n t s  known by  o t h e r  m e th o d s  t o  dam age germ 
c e l l s  c a n  b e  d e t e c t e d  by  c h a n g e s  i n  t h e  h i s t o c h e m i c a l  s i n g l e  
s p e rm  enzyme a c t i v i t y  a n d  l e c t i n - b i n d i n g  a s s a y s  t h a t  o t h e r s  
o r  we d e v e l o p e d .
-  When mouse s p e r m  w e re  a s s a y e d  f o r  a c r o s i n ,  a l p h a - g l y c e r o l -  
p h o s p h a t e  o r  s u c c i n i n i c  d e h y d r o g e n a s e  a c t i v i t y  f o l l o w i n g  
i n t r a p e r i t o n e a l  / i p /  o r  i n h a l a t i o n  / i h /  e x p o s u r e ,  t h e  m u ta g e n s  
e t h y l n i t r o s o u r e a  /ENU; i p /  d e c r e a s e d  t h e  a c t i v i t y  o f  t h e  3 
e n z y m e s ,  w h e r e a s  e t h y l m e t h a n e s u l f o n a t e  / i p / a n d  b e n z e n e  / i h /  
d e c r e a s e d  t h e  a c t i v i t y  o f  2 e n z y m e s .  The t e r a t o g e n  h y d r o x y u r e a  
/ i p /  and  t h e  r e p r o d u c t i v e l y  t o x i c  a g e n t  d i m e t h y l m e t h y l p h o s p h a t e  
/ DMMP; i p /  d e c r e a s e d  t h e  a c t i v i t y  o f  2 e n z y m e s .  E t h y l e n e  
d i b r o m i d e ,  s u s p e c t e d  o f  c a u s i n g  i n f e r t i l i t y  i n  men, a n d  DMMP, 
b o t h  g iv e n  i h ,  d e c r e a s e d  t h e  a c t i v i t y  o f  1 en zy m e .
-  O nly  a s m a l l  f r a c t i o n  o f  mouse s p e rm  b i n d s  t h e  l e c t i n s  BAN 
a n d  UEA. I n  o n e  e x p e r i m e n t  5 . 3 ,  18 a n d  312 X 10 s p e rm  bound 
BAN i n  s a l i n e  c o n t r o l s  a n d  i n  m i to m y c in  С /МС/ o r  E N U - t r e a t e d  
m ic e ,  r e s p e c t i v e l y .  UEA b o u n d  t o  1 .9  a n d  22 X 10  s p e rm  i n  
c o n t r o l s  a n d  i n  MC-t r e a t e d  m ic e .  -  We f o u n d  t h a t  t h e  enzyme 
a c t i v i t y  a n d  l e c t i n - b i n d i n g  a s s a y s  may b e  u s e d  f o r  d e t e c t i o n  
o f  a g e n t s  w h ic h  dam age  g e rm  c e l l s .  -  T h i s  r e s e a r c h  was 
s u p p o r t e d  by  g r a n t s  f r o m  t h e  F a c u l t y  R e s e a r c h  a n d  C r e a t i v e  
A c t i v i t i e s  F u n d  o f  W e s t e r n  M ic h ig a n  U n i v e r s i t y .
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PLASMID MEDIATED RESISTANCE TO IONIZING IRRADIATION IN 
ESCHERICHIA COLI
- 1 2 F .  H e r n á d i  , I .  F r a n c i a
1 2 P h a r m a c o l o g i c a l  I n s t i t u t e ,  C e n t r a l  R e s e a r c h  L a b o r a t o r y ,
M e d i c a l  U n i v e r s i t y ,  H -4012 D e b r e c e n
The N g r o u p  R p l a s m i d  R46 / R - B r i g h t o n .  R 1818, Т Р120 / a n d  
i t s  d e r i v a t i v e  pKMIOl h a v e  b e e n  shown t o  i n c r e a s e  s p o n t a n e o u s  
m u t a g e n e s i s ,  s u s c e p t i b i l i t y  t o  UV i n d u c e d  m u t a t i o n s  a n d  t o  
r e d u c e  s u s c e p t i b i l i t y  t o  k i l l i n g  by  UV.
I n  o u r  e x p e r i m e n t s  t h e  u Co-gamma s e n s i t i v i t y  m o d i f y i n g  
e f f e c t  o f  t h e  a b o v e  tw o  d r u g  r e s i s t a n c e  p l a s m i d s  was s t u d i e d .  
R46 R - f a c t o r  i n c r e a s e d  t h e  s u r v i v a l  o f  t h e  w i l d  t y p e  s t r a i n  
a n d  h a d  no e f f e c t  on t h e  s u r v i v a l  o f  r e c A  a n d  r e c A  recB
ft Оd o u b l e  m u t a n t s .  A w e l l  d e t e c t a b l e  i n c r e a s e  i n  C o - r e s i s t a n c e  
was a l s o  fo u n d  i n  recB  m u t a n t  h a r b o u r i n g  R46 R - f a c t o r .
1 m g/m l o f  5 - f l u o r o u r a c i l  e l i m i n a t e d  R46 R - f a c t o r  f ro m  t h e  
p a r e n t  a n d  i t s  r e c  m u t a n t  s t r a i n s .  recB  /R 4 6 /  l o s t  n o t  o n l y  
t h e  a n t i b i o t i c  r e s i s t a n c e  c o d e d  by  R46 R - f a c t o r  b u t  a l s o  i t s  
r a d i o r e s i s t a n c e .  pKMIOl p l a s m i d  a l s o  e n h a n c e d  t h e  b a c t e r i a l  
s u r v i v a l  i n  t h e  w i l d  t y p e  s t r a i n ,  i n  i t s  recB  re c C  a n d  i n  
r e c F  m u t a n t s  b u t  h a d  no  e f f e c t  o n  t h e  s u r v i v a l  o f  recA  
m u t a n t .
T hus  t h e  e f f e c t s  p r o v e d  t o  b e  d e p e n d e n t  on  r e c A + g e n o t y p e  b u t  
n o t  o n  r e c B + , r e c B +re c C + a n d  o n  r e c F + g e n o t y p e s .  The r e c A + 
a n d  l e x A + g e n e s  a r e  known t o  c o n t r o l  t h e  i n d u c i b l e  DNA r e p a i r  
a n d  t h e  e v e n t s  a r e  c o l l e c t i v e l y  t e r m e d  a s  SOS r e s p o n s e s .  I t  
i s  m o s t  p r o b a b l e  t h a t  R46 a n d  pKMIOl s p e c i a l l y  e n h a n c e  t h e  
a b i l i t y  o f  t h e  c e l l  t o  c a r r y  o u t  SOS p r o c e s s i n g .
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RADIO-MUTATION EXPERIMENTS OF SUNFLOWER /HELIANTUS ANNUUS/ 
P .  P e p ó ,  P .  Pepó
I n s t i t u t e  o f  P l a n t  P r o d u c t i o n  a n d  O e c o l o g y ,  A g r i c u l t u r a l  
U n i v e r s i t y ,  H -4038  D e b re c e n
W id e n in g  t h e  b a s i c  m a t e r i a l  f o r  p u r i f i c a t i o n  i s  i m p o r t a n t  
w i t h  r e s p e c t  o f  t h e  s u c c e s s f u l  d e v e l o p m e n t  i n  t h e  c l a s s i c a l  
a n d  t h e  h e t e r o s i s  p u r i f i c a t i o n .  One o f  t h e  p o s s i b l e  ways o f  
t h i s  i s  t h e  i r r a d i a t i o n  o f  s u n f l o w e r  s e e d - c o r n  w i t h  f a s t  n e u t ­
r o n s  w h ich  we h a v e  d o n e  a t  t h e  A to m ic  R e s e a r c h  I n s t i t u t e ,  
D e b r e c e n .
A c c o r d in g  t o  o u r  i n v e s t i g a t i o n s ,  i n  t h e  c a s e  o f  t h o s e  
s u n f l o w e r  s p e c i e s  w h ic h  a r e  o l e a g i n o u s  t o  a  g r e a t  e x t e n t ,  
m o r t a l i t y  o c c u r r e d  a t  r e l a t i v e l y  lo w  f a s t  n e u t r o n  d o s e s .
The s p e c i e s  sh o w e d  d i f f e r e n t  s e n s i t i v i t i e s  / i n  t h e  c a s e  o f  
GK 70 t y p e  50  Gy, a n d  S z -1  t y p e  a b o v e  16 Gy c a u s e d  m o r t a l i t y / .  
The p h y t o p a r a m e t r e s  w h ic h  w e re  i m p o r t a n t  w i t h  r e s p e c t  o f  t h e  
y i e l d ,  w e re  c h a n g e d  b y  t h e  f a s t  n e u t r o n  i r r a d i a t i o n  i n  
d i f f e r e n t  r a t e s  a n d  d i r e c t i o n s  i n  d i f f e r e n t  s p e c i e s .  G e n e r ­
a l l y  i t  c a n  b e  s t a t e d  t h a t  i n c r e a s i n g  d o s e s  d e c r e a s e d  b o t h  
t h e  a c h e n iu m  n u m b e r s  and  a c h e n i u m - w e i g h t s  o f  s u n f l o w e r s  
/ e x c e p t  i n  t h e  c a s e  o f  GK 70 t y p e  i n  w h ic h  a  s t i m u l a t i v e  
i n f l u e n c e  was s e e n  a t  1 .3  G y / .  The t o t a l  a c h e n i u m - w e i g h t  and  
c h e l l - w e i g h t  c h a r a c t e r i s t i c  a t  a  t h o u s a n d  a c h e n iu m  i n c r e a s e d  
a t  b o t h  s p e c i e s ,  o t h e r w i s e  i n  s e e d - w e i g h t  a t  GK 70 t h e r e  was 
a  d e c r e a s e  and  a t  S z - 1  an  i n c r e a s e .
Our i n v e s t i g a t i o n s  p r o v e d  t h a t  t h e  f a s t  n e u t r o n  i r r a d i ­
a t i o n  o f  a  s p e c i e s  d i d  n o t  r e s u l t  i n  a d v e n t a g e o u s  c h a n g e s  a s  
r e g a r d s  p u r i f i c a t i o n .  I n  s p i t e  o f  t h i s ,  i t  i s  i m p o r t a n t  t o  
i n v e s t i g a t e  t h e  m u t a t i o n s  o f  g e n e t i c a l l y  hom ogeneous  l i n e s  
p r o d u c e d  by b i o p h y s i c a l  w a y s .
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FAST NEUTRON TREATMENT OF SOYBEAN SEED-CORN FOR MORE GENERATION 
P .  P e p ó ,  P .  Pepó
I n s t i t u t e  o f  P l a n t  P r o d u c t i o n  a n d  O e c o lo g y ,  A g r i c u l t u r a l  U n i ­
v e r s i t y ,  H -4038 D e b re c e n
I n  o u r  i n v e s t i g â t i o n s  a i m i n g  a t  i n c r e a s i n g  t h e  p r o t e i n  c o n ­
t e n t  o f  p l a n t s ,  we t r i e d  t o  r a i s e  t h e  g e n e t i c a l  p r o d u c t i v i t y  
o f  s o y b e a n  by t h e  way o f  b i o p h y s i c s .
F o r  t h e  s a k e  o f  c o m p le x  i n c r e a s e  o f  c r o p  p o t e n t i a l ,  f a s t  
n e u t r o n  t r e a t m e n t  was p e r f o r m e d  o n  M e r i t  C a n a d ia n  a n d  S -1 3 4 6  
A m e r ic a n  s o y b e a n  s p e c i e s  a t  t h e  A tom ic  R e s e a r c h  I n s t i t u t e ,  Deb­
r e c e n .  S e l e c t i o n  o f  t h e  m u t a n t s  w i t h  p o s i t i v e  p u r i f i c a t i o n  
v a l u e s  b e g a n  i n  t h e  М2  g e n e r a t i o n  a n d  t h e  e v a l u a t i o n  o f  t h e  
o f f s p r i n g ,  a s  i t  i s  u s u a l  i n  t h e  c a s e  o f  s e l f - f e r t i l i z i n g  
p l a n t s ,  was c o n n e c t e d  w i t h  i n d i v i d u a l  s e l e c t i o n  / p e d i g r e e  
g r o w i n g / .
A c c o r d i n g  t o  o u r  e x p e r i m e n t s ,  i n  s o y b e a n s  o f  h i g h  o i l -  
- c o n t e n t s  i r r a d i a t i o n  g r e a t e r  t h a n  1 2 0 -1 3 0  Gy d o s e  was l e t h a l  
a n d  t h e  S -1 3 4 6  s p e c i e s  was m ore  s e n s i t i v e  t o  t h e  i r r a d i a t i o n .  
L ow er v a l u e  t h a n  t h e  50  p e r  c e n t  o f  t h e  c o n t r o l  p l a n t - h e i g h t  
d i d  n o t  o c c u r  i n  o u r  t r e a t m e n t s  s i n c e  t h e  i r r a d i a t i o n  d o s e  
p r e v e n t e d  e v e n  t h e  f o r m a t i o n  o f  p r i m o r d i a l  l e a v e s .
I n  c a s e  o f  i r r a d i a t i o n  i n  t h e  M^  g e n e r a t i o n  we o b s e r v e d  t h e  
l e a s t  p o d s , t h e  s m a l l e s t  p l a n t  h e i g h t  an d  s t e m  t h i c k n e s s  up  t o  
60 Gy d o s e .  From t h e  f a c t o r s  d e s c r i b i n g  t h e  c r o p  t h e  num ber  o f  
p o d s  by  p l a n t s ,  t h e  nu m b er  o f  s e e d s ,  t h e  s e e d w e i g h t  a n d  s e e d  
n u m b er  by p o d s  d e c r e a s e d  w i t h  i n c r e a s i n g  t h e  d o s e .  On t h e  
o t h e r  h a n d ,  t h e  s e e d  l e n g t h  a n d  b r e a d t h ,  a n d  t h e  t o t a l  m ass  o f  
a  t h o u s a n d  s e e d s  w e r e  i n  p o s i t i v e  c o r r e l a t i o n  w i t h  t h e  d o s e .  
/T h e  l a s t  show ed 2 0 -3 0  g i n c r e a s e  a s  co m p ared  t o  t h e  n o t  p r o ­
c e s s e d  s e e d s / .  I n  t h e  c a s e  of. l o w e r  d o s e s  t h e  s h o r t e n i n g  o f  
s o y b e a n  b r e e d i n g  s e a s o n ,  w h i l e  w i t h  g r e a t e r  d o s e s  i t s  p r o l o n ­
g a t i o n  was e x p e r i e n c e d .
The i n d i v i d u a l  s e l e c t i o n  f o r  h i g h e r  s e e d  m ass was 
p a r a l l e l  w i t h  a  d e c r e a s e d  p l a n t  h e i g h t  and l e a f  s u r f a c e  b u t  
t h e  a s s i m i l a t i v e  a c h i e v e m e n t  i n c r e a s e d .  The s t a r t i n g  p o p u l a -
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t i o n  h a d  a g r e a t e r  v a r i e t y  o f  s h a p e s ;  now we h a d  lo w ,  t h i c k -  
- s e t ,  b u s h i l y  b r a n c h i n g  o f f ,  t h i c k  s t e m  s h a p e s .  I n  t h e  p l a n t  
m a ss  t h e  r a t i o  o f  u s e f u l  c r o p  i n c r e a s e d  / i n  t h e  M3 g e n e r a t i o n
0 . 4 5  H a r v e s t - i n d e x  l i n e s / .
I n  g e n e r a t i o n  we s u c c e d e d  i n  t h e  s e l e c t i o n  o f  s u c h  s o y ­
b e a n  l i n e s  w h ic h  p r o d u c e d  5 0 -6 0  % g r e a t e r  s e e d  m ass  t h a n  t h o s e  
n o t  t r e a t e d .  T h e s e  w o u ld  be  a d e q u a t e  p a r t n e r s  i n  c r o s s - f e r t i ­
l i z a t i o n  t o  i n c r e a s e  t h e  p r o d u c t i v i t y  o f  s o y b e a n .
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USE OF IRRADIATION INDUCED MAIZE MUTATION LINES IN PLANT 
IMPROVEMENT
P .  P e p ó ,  К. P á s z t o r
I n s t i t u t e  o f  P l a n t  P r o d u c t i o n  a n d  O e c o lo g y ,  A g r i c u l t u r a l  U n i­
v e r s i t y ,  H-4038 D e b r e c e n
M u t a t i o n  p o p u l a t i o n s  w i t h  g r e a t e r  v a r i e t i e s  p l a y  a n  
i m p o r t a n t  p a r t  i n  t h e  im p r o v e m e n t  o f  m a iz e  c u l t i v a t i o n  b i o l o g i ­
c a l  b a s e s . From th e m  h y b r i d s  s u i t a b l e  f o r  t h e  c u r r e n t  dem ands 
c a n  b e  p r o d u c e d  b y  u p - t o - d a t e  p r o c e e d i n g s .
We s t u d i e d  t h e  p u r i f i c a t i o n  v a l u e  a n d  u s e  o f  t h e  g e n e t i ­
c a l l y  s e c u r e  m u t a t i o n  l i n e s  w i t h  d i f f e r e n t  m o r p h o l o g i c a l  
c h a r a c t e r s .
The o e c o - s t a b l e n e s s  i n v e s t i g a t i o n s  show ed  t h a t  t h e  
h y b r i d  c o m b i n a t i o n s  p r o d u c e d  by m u t a t i o n  l i n e s  c a n  b e  c u l t i ­
v a t e d  w i t h  a  g r e a t e r  s a f e t y  t h a n  t h e  s t a n d a r d s .  M a iz e  r i p e n i n g  
e a r l i e r  c a n  b e  p r o d u c e d  by  m u t a t i o n  l i n e s  u s e d  a s  m a le s  a n d  
t h e  n u t r i m e n t  a c c u m u l a t i n g  p e r i o d  o f  t h e  m a iz e  s e e d  c a n  b e  
l e n g t h e n e s .  The w a t e r - g i v i n g  a b i l i t y  o f  t h e  h y b r i d - c o m b i n a t i o n s  
c a n  b e  improved b y  m u t a t i o n  l i n e s ,  a s  w e l l .
The b e s t  p r o d u c t i v i t y  c a n  b e  r e a c h e d  b y  t h o s e  m u t a t i o n  
l i n e s  w h ic h  w ere  c r o s s - f e r t i l i z e d  w i t h  s i n g l e - c r o s s e d  m o t h e r s  
p r o d u c e d  by  i n b r e d  b r u n c h .  The p r o d u c t i v e  c a p a c i t y  o f  m a iz e  
g e n o t y p e ,  t h e  i n d i v i d u a l  b io m a s s  p r o d u c t i o n ,  a n d  t h e  H a r v e s t -  
- i n d e x  c a n  b e  i n c r e a s e d  i n  t h e  m u t a t i o n - c o m b i n a t i o n s .
M u t a t i o n  l i n e s  show g r e a t  s p e c i f i c  c o m b in in g  a b i l i t y  
r e g a r d i n g  t h e  d r y - m a s s  p r o d u c t i o n  w h ic h  d e t e r m i n e s  t h e  s i l o  
v a l u e ,  w h i l e  t h e y  h a v e  a  h i g h  g e n e r a l  c o m b in in g  a b i l i t y  v a l u e  
i n  t h e  c o b -n u m b e r  i m p o r t a n t  i n  t h e  v i e w  o f  s e e d - c r o p .
We c a n  im p r o v e  t h e  p r o t e i n ,  m a c r o -  a n d  m i c r o - e l e m e n t  
c o n t e n t s  o f  t h e  d i f f e r e n t  p l a n t  p a r t s  a n d  t h e  c o r n  o f  m a iz e  by 
u s i n g  m u t a t i o n  l i n e s .  The i n s i d e  c o n t e n t  c o m p o n e n ts  c a n  b e  
i m p r o v e d ,  t o o ,  i n  t h e  m u t a t i o n  c o m b i n a t i o n s  by  i n c r e a s i n g  t h e  
c r o p .
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EFFECT OF GAMMA RAYS ON THE VARIABILITY OF MAIZE
K. P á s z t o r
I n s t i t u t e  o f  P l a n t  P r o d u c t i o n  a n d  E c o l o g y ,  A g r i c u l t u r a l  U n i­
v e r s i t y ,  H -4038 D e b r e c e n
F o r  b r e e d i n g  v a r i e t i e s  o f  f a v o u r a b l e  g e n e t i c  s t r u c t u r e ,  
t h e r e  i s  a n e e d  f o r  i n c r e a s i n g  t h e  am o u n t  o f  b r e e d i n g  m a t e r i a l  
a n d  e n r i c h i n g  g e n e  r e s e r v e s .  I n  t h e  l a t e  1 9 5 0 s  we t r e a t e d  t h e  
p o l l e n  o f  a  T r a n s s y l v a n i a n  s t r a i n  o f  m a iz e  w i t h  15 Gy Co 
gamma i r r a d i a t i o n .  T h i s  r e s u l t e d  i n  m u t a n t s  o f  d i v e r s e  m o rp h o ­
l o g i c a l  c h a r a c t e r s ,  o f  w h ic h  s e v e r a l  t y p e s  o f  m u t a n t  l i n e s  
w e r e  s e l e c t e d .  Some o f  t h e  i s o l a t e d  m u t a n t s  w e r e  h i g h l y  p r o d u c ­
t i v e  t y p e s  p r o d u c i n g  4 - 5  o r ,  o c c a s i o n a l l y ,  o v e r  10 e a r s  p e r  
p l a n t .  I n  a d d i t i o n  t o  t h i s ,  b u s h y  a n d  l e a f y  t y p e s ,  t y p e s  w i t h  
u p r i g h t  l e a v e s ,  a s  w e l l  a s  n a r r o w  l e a v e d  so  c a l l e d  c r o n - g r a s s  
t y p e s  w ere  i s o l a t e d .  C om pared  t o  s t a n d a r d  v a r i e t i e s ,  n o rm a l  
i n - b r e d  X c o r n - g r a s s  h y b r i d s  y i e l d e d  m ore  g r e e n  a n d  d ry  m a t t e r  
a n d  t h e  r a t i o  o f  t h e  v a r i o u s  p l a n t  p a r t s  a s  w e l l  a s  t h e i r  
c h e m i c a l  c o m p o s i t i o n  / p r o t e i n  c o n t e n t ,  t h e  c o n t e n t  o f  m a c r o -  
a n d  m i c r o e l e m e n t s /  im p r o v e d .
I n  t h e  e x p e r i m e n t s  i t  was n o t e d  t h a t  c e r t a i n  fo rm s  b ecam e 
s t a b l e .  C r o s s e d  w i t h  n o r m a l  m a iz e  l i n e s ,  t h e s e  y i e l d e d  h y b r i d s  
w i t h  good c h a r a c t e r s .  O t h e r  m u t a n t  f o r m s ,  h o w e v e r ,  d i d  n o t  
become s t a b l e  a n d  new f o rm s  k e p t  a p p e a r i n g  d e s p i t e  l o n g  
p e r i o d s  o f  s e l f - p o l l i n a t i o n .  R e c e n t  m u t a n t  m a iz e  p o p u l a t i o n  i s  
s t i l l  p r o d u c i n g  new f o r m s ,  a l t h o u g h  fo rm s  t h a t  a r e  e a s y  t o  
s t a b i l i z e  a l s o  c r o p  u p  a s  a r e s u l t  o f  s e l f - p o l l i n a t i o n .
V a r io u s  h y b r i d  c o m b i n a t i o n s  w e re  p r o d u c e d  f o r m  t h e  a l r e a d y  
s t a b i l i z e d  m u t a n t  l i n e s .
R e s u l t s  o f  s e v e r a l  y e a r s  o f  e x p e r i m e n t i g  h a v e  p r o v e d ,  
t h a t  by u s i n g  m u t a h t s , t h e  r a t i o  o f  t h e  v a r i o u s  p l a n t  p a r t s  
/ l e a f  v s .  s t a l k  v s .  e a r /  c a n  b e  i m p r o v e d ,  w h ic h  i s  e s p e c i a l l y  
u s e f u l  i n  b r e e d i n g  s i l a g e  t y p e  m a i z e .  S t a n d a b i l i t y  a s  w e l l  a s  
d r y  m a t t e r  c o n t e n t  a n d  y i e l d  c o u l d  b e  i n c r e a s e d .  C h e m ic a l  
c o m p o s i t i o n ,  p h y s i o l o g i c a l  a s  w e l l  a s  o t h e r  c h a r a c t e r s  o f  
eco n o m ic  i m p o r t a n c e  c o u l d  b e  i m p r o v e d .
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EFFECT OF FAST NEUTRONS ON THE MUTABILITY OF SOYBEAN
1 1 1  2K. P á s z t o r  , Z. F a z e k a s  , К . E g r i  , P . P .  B o r n e m is s z a
^ I n s t i t u t e  o f  P l a n t  P r o d u c t i o n  a n d  E c o l o g y ,  A g r i c u l t u r a l  U n i ­
v e r s i t y ,  H -4038  D e b r e c e n ,  ^ I n s t i t u t e  o f  N u c l e a r  R e s e a r c h  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -4001  D e b re c e n
I n  t h e  A to m ic  R e s e a r c h  I n s t i t u t e  o f  t h e  H u n g a r i a n  Academy 
o f  S c i e n c e s  i n  t h e  y e a r s  1980  a n d  1981  we t r e a t e d  MERIT 
/С a n a d i a / ,  S -1 3 6 4  /U SA /, a n d  I S z - 1 5  / H u n g a r i a n /  s o y b e a n  
v a r i e t i e s  w i t h  3 .2 3  -  174 Gy f a s t  n e u t r o n s .  D u r in g  t h e  y e a r s ,  
s e v e r a l  t y p e s  o f  m u ta n t  l i n e s  o f  t h e  a b o v e  v a r i a t i e s  w e re  
s e l e c t e d ,  t h e  b e s t  o f  w h ic h  was s t u d i e d  i n  s m a l l  p a r c e l  c o n ­
t r o l  e x p e r i m e n t s .  The r e s u l t s  a r e  summed up  a s  f o l l o w s .
I n  t h e  y e a r  o f  t h e  t r e a t m e n t  t h e  r a d i c l e s  w e re  damaged b y  
g r e a t e r  d o s a g e  o f  i r r a d i a t i o n .  T h e s e  p l a n t s  d e v e l o p e d  o n l y  
w h i l e  n u t r i e n t s  i n  t h e  s e e d l o b e s  w e re  i n s u r e d .  L a t e r  t h e y  d i e d .
The p l a n t  h e i g h t s  w e re  s m a l l e r  i f  t h e  s o y b e a n  was t r e a t e d  
w i t h  a  g r e a t e r  d o s a g e  i n  t h e  y e a r  o f  t h e  t r e a t m e n t ,  a t  t h e  
same t i m e  t h e  u s e  o f  a  s m a l l e r  d o s a g e  r e s u l t e d  i n  s t i m u l a t i o n  
o f  g r o w t h .  I n  t h e  l a t e r  m u t a n t  g e n e r a t i o n s  a  c l o s e  p o s i t i v e  
c o r r e l a t i o n  c a n  b e  n o t i c e d  b e tw e e n  t h e  d o s a g e  a n d  t h e  b r a n c h i n g .
I n  t h e  c a s e  o f  s e l e c t e d  m u t a n t  l i n e s ,  a s  r e g a r d s  t h e  n u m b e r  
o f  s e a t h s  a n d  s e e d s  p e r  p l a n t ,  c e r t a i n  d o s a g e s  / 1 8 . 2 ,  22 a n d  
5 4 .5  Gy/ h a d  a  f a v o u r a b l e  e f f e c t .  As c o m p a re d  t o  t h e  c o n t r o l ,  
t h e  n u m b e r  o f  s e e d s  a n d  s e a t h s  i n c r e a s e d .  C e r t a i n  m u ta n t  l i n e s  
g a v e  o u t s t a n d i n g  v a l u e s  a s  r e g a r d s  t h e  p r o t e i n  c o n t e n t  / 4 7 - 4 8  
p e r  c e n t / .  The o i l  c o n t e n t  a l s o  show ed  a n  i n c r e a s e .
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THE EFFECT OF FAST NEUTRONS ON LUPINUS MUTALIS
1 1 2  2 M. R a tk o s  , F .  B o r b é l y  , M. C s a t l ó s  , P . P .  B o r n e m is s z a
^ R e s e a r c h  C e n t r e  o f  S e e d  P r o d u c t i o n  a n d  T r a d i n g  Company, N y í r ­
e g y h á z a ,  i n s t i t u t e  o f  N u c l e a r  R e s e a r c h  o f  t h e  H u n g a r i a n  A ca­
demy o f  S c i e n c e s ,  H -4001  D e b re c e n
We h a v e  b e e n  d o i n g  e x p e r i m e n t s  f o r  i n d u c e d  m u t a t i o n  f ro m  
1 9 8 2 .  The f o l l o w i n g  s p e c i e s  w e re  i n v o l v e d :  L u p in u s  a l b u s ,
L u p i n u s  l u t e u s , L u p in u s  a n g u s t i f o l i u s  and, f ro m  1 9 8 4 ,  t h e  L u p i ­
n u s  m u t a b i l i s ,  t o o .
T h i s  s p e c i e s  h a s  h i g h  p r o t e i n  c o n t e n t  a n d  h i g h  o i l  c o n t e n t ,  
t o o .  The i r r a d i a t i o n  o f  t h e  d r y  s e e d s  was p e r f o r m e d  a t  t h e  
1 5 0  KV n e u t r o n  g e n e r a t o r  o f  t h e  I n s t i t u t e  o f  N u c l e a r  R e s e a r c h  
o f  t h e  H u n g a r i a n  Academy o f  S c i e n c e s  i n  D e b r e c e n .  We p r o d u c e d  
m o n o e n e r g e t i c  n e u t r o n s  o f  1 4 .6  MeV t h r o u g h  D+T r e a c t i o n s .  The 
y i e l d  was a b o u t  lO"*-0 n e u t r o n / s .
On t h e  f i r s t  d a y  a f t e r  i r r a d i a t i o n  we sow ed t h e  s e e d s  i n  
f i e l d  by  h a n d .  On t h e  s i x t h  week a f t e r  so w in g  we m e a s u r e d  t h e  
h e i g h t  o f  t h e  h y p o c o t i l ,  t h e  n u m b e r  o f  l e a v e s ,  t h e  l e n g t h  o f  
t h e  s t a l k  o f  t h e  l e a v e s  a n d  t h e  l e n g t h  o f  a l l  l e a f l e t s .
We d e t e r m i n e d  t h e  m ean , t h e  v a r i a n c e ,  a n d  t h e  s t a n d a r d  
d e v i a t i o n  o f  t h e  m e a s u r e d  v a l u e s .  We fo u n d  t h a t  4 0 - 5 0  Gy 
/ i n  CH e q u i v a l e n t  a b s o r b e d  d o s e  f r o m  t h e  n e u t r o n  f l u x /  d o s e  
c a u s e d  l e s s  t h a n  50 % o f  s e e d l i n g  g r o w th  r e d u c t i o n  i n  M^  
g e n e r a t i o n .
T h i s  y e a r  we h a v e  sown t h e  М2  g e n e r a t i o n  f o r  i n v e s t i g a ­
t i o n .
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EFFECT OF THERMAL NEUTRON ENERGY ABSORBED BY SEED TISSUES, 
LINKED WITH BORON CONTENT, AT THE ONSET OF GROWTH OF PEA AND 
ON ITS SEVERAL BIOCHEMICAL CHARACTERS
F. K ö r ö s i ^ ,  L . A n d r á s ^ ,  L. H a r t y á n i ^ ,  F ,  Maul"*", E . J e z i e r s k a ^
^ A g r i c u l t u r a l  U n i v e r s i t y  o f  G ö d ö l l ő ,  H -2103  G ö d ö l lő  
C e n t r a l  R e s e a r c h  I n s t i t u t e  f o r  P h y s i c s  o f  t h e  H u n g a r i a n  A c a d e ­
my o f  S c i e n c e s ,  H -1525 B u d a p e s t
F o r  m ore  r e p r o d u c i b l e  p l a n t  p h y s i o l o g i c a l  r e s p o n s e s  t o  
i o n i z i n g  r a d i a t i o n ,  / a c c o r d i n g  t o  o u r  o p i n i o n / ,  i t  i s  e s s e n t i a l  
t h a t  t h e  p l a n t ' s  r e s p o n s e s  s h o u l d  be  i n v e s t i g a t e d  on t h e  b a s i s  
o f  e n e r g y  a c t u a l l y  a b s o r b e d  by t h e  p l a n t s .  T h i s  t r i g g e r  r a d i a ­
t i o n  a b s o r p t i o n  p r o c e s s  i s  i n f l u e n c e d  m a i n l y  by t h e  t y p e  o f  
i r r a d i a t i o n ,  t h e  e n e r g y  s p e c t r u m ,  f l u x e s ,  g e o m e try  o f  i r r a d i a ­
t i o n ,  a n d  e l e m e n t a l  c o m p o s i t i o n ,  a s  w e l l  a s  t h e  p h y s i o l o g i c a l
s t a t e  o f  p l a n t s . To d e m o n s t r a t e  t h i s , c a l c u l a t i o n s  w ere  p e r -
_2
fo rm ed  o n  t h e  t h e r m a l  n e u t r o n  / 2 . 5 3 x 1 0  eV/ e n e r g y  a b s o r p t i o n  
o f  p e a  s e e d s  by  m eans o f  a  " f i v e  e l e m e n t "  /C ,0 ,H ,N ,B /  t i s s u e  
m e th o d ,  u s i n g  a p p r o p r i a t e  kerm a f a c t o r s .  The o r i g i n a l  e l e m e n t a l  
c o m p o s i t i o n  o f  s e e d s  was a l t e r e d  by  s o a k i n g  a  c e r t a i n  num ber  
o f  t h e  s e e d s  i n  b o r o n  s o l u t i o n  o f  1000  ppm c o n c e n t r a t i o n  f o r  
24 h / b o r o n  h a s  a  760 b a r n  a c t i v a t i o n  c r o s s  s e c t i o n / .  T h e r e ­
f o r e ,  i n  p e a  s e e d s  e n r i c h e d  o r  n o t  i n  b o r o n ,  e x p o s u r e  t o  t h e
6 — 2 “ 1same n e u t r o n  f l u x  o f  1 .7 x 1 0  n .c m  s  r e s u l t e d  i n  two d i s t i n c t
t i s s u e  e n e r g y  a b s o r b a n c e s .  I n  o u r  e x p e r i m e n t s  t h e  t i s s u e  d o s e  
- 4  - 2r a n g e  o f  1 0  t o  10  Gy was u s e d .
As a  c o n s e q u e n c e  o f  n e u t r o n  i r r a d i a t i o n ,  t h e  l e n g t h  o f  
r o o t s  a n d  s h o o t s  was m o d i f i e d  -  a  p h enom enon  t h a t  was l i n k e d  
w i t h  l a r g e r  f r e s h  m ass y i e l d .  An a d d i t i v e  e f f e c t  b e tw e e n  b o r o n  
a s  a m i c r o e l e m e n t  an d  t h e  a b s o r b e d  n e u t r o n  e n e r g y  on  t h e  r e s p i ­
r a t i o n  o f  g e r m i n a t i n g  s e e d s  was o b s e r v e d .  The a c t i v i t y  o f  a- 
- a m y la s e  w as a c c e l e r a t e d ;  t h e  p h o t o s y n t h e t i c  p ig m e n t  c o n t e n t s ,  
e . g .  c h l o r o p h y l l  a  a n d  b  p l u s  c a r o t i n o i d  co m p o u n d s ,  w ere  
s e n s i t i v e l y  i n f l u e n c e d  by  i r r a d i a t i o n ,  a  r e s u l t  w h ic h  e n a b l e s  
t h e  o p t i m a l  a b s o r b e d  e n e r g y  o f  t h e r m a l  n e u t r o n s  t o  b e  a s s e s s e d  
a c c o r d i n g  t o  c h a n g e s  i n  t h e  p ig m e n t  c o n t e n t  u n d e r  t h e  e f f e c t  
o f  i r r a d i a t i o n .
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INVESTIGATION ON RADIATION-SENSITIVITY OF DIPLOID AND TETRA- 
PLOID SUDANGRASSES BY NEUTRON IRRADIATION
1 2 2 J .  L a z á n y i  , P . P .  B o r n e m i s s z a  , M. C s a t l ó s
' ' 'R e s e a r c h  I n s t i t u t e  o f  t h e  A g r i c u l t u r a l  U n i v e r s i t y ,  H -5301  
K a r c a g ,  i n s t i t u t e  o f  N u c l e a r  R e s e a r c h  o f  t h e  H u n g a r i a n  Academy 
o f  S c i e n c e s ,  H -4 0 0 1  D e b re c e n
D u r in g  t h e  p e r i o d  1 9 8 2 -8 3  s t u d i e s  w e re  c o n d u c t e d  w i t h  t h e  
a i m  t o  s p e c i f y  t h e  r a d i a t i o n  s e n s i t i v i t y  / m a i n l y  t o w a r d s  
n e u t r o n  i r r a d i a t i o n /  o f  d i p l o i d  s u d a n g r a s s  / S .  s u d a n e n s e / a n d  
t e t r a p l o i d  So rghum  almum a s  w e l l  a s  t e t r a p l o i d  Sorghum  s u d a n e n ­
s e  / 4 n / p r o d u c e d  by  c o l c h i c i n .
3 2 4The n e u t r o n s  w e re  g e n e r a t e d  t h r o u g h  t h e  H /Н , n /  He r e a c ­
t i o n .  The a v e r a g e  n e u t r o n  e n e r g y  w as  1 4 . 7 - 0 . 2  MeV. The t o t a l  
y i e l d  o f  t h e  g e n e r a t o r  was a b o u t  lO"*"0  n / s e c .  The s e e d s  w e re  
i r r a d i a t e d  by  d i f f e r e n t  d o s e s :  b e t w e e n  6 5 -2 0 0  Gy. A f t e r  t r e a t ­
m e n t  t h e  s e e d  w as a l l o w e d  t o  g e r m i n a t e  b e tw e e n  f i l t e r p a p e r s  i n  
f o u r  r e p l i c a t i o n s  a t  25 C° w i t h o u t  i l l u m i n a t i o n .
H i t h e r  d o s e s  o f  i r r a d i a t i o n  /2 0 0  Gy/ r e s u l t e d  i n  s i g n i f i ­
c a n t  d e c r e a s e  i n  g e r m i n a t i o n  a t  t h e  t e t r a p l o i d  s u d a n g r a s s e s .
T he  e x t e n t  o f  d e c r e a s e  was n e a r l y  t h e  same i n  b o t h  c a s e s .
Upon 200 Gy i r r a d i a t i o n  t h e  ge rm  w e i g h t  o f  d i p l o i d  
s u d a n g r a s s  d e c r e a s e d  by 2 2 . 1  p e r c e n t .  At t h e  same t i m e  t h e  
g e rm  w e i g h t  o f  t e t r a p l o i d  s u d a n g r a s s e s  d e c r e a s e d  by  4 4 . 3  % 
a n d  4 6 .3  %, r e s p e c t i v e l y ,  i n  c a s e  o f  S . s u d a n e n s e  / 4 n /  a n d  
S .  almum /4  n / .  The e x t e n t  o f  d e c r e a s e  was l a r g e r  i f  t h e  s h o o t  
w e i g h t  was c o n s i d e r e d ,  i t  w as  25 % i n  c a s e  o f  d i p l o i d ,  a n d  
56 % and  63 %, r e s p e c t i v e l y ,  i n  c a s e s  o f  t e t r a p l o i d  s u d a n ­
g r a s s e s .  The d e c r e a s e  i n  s h o o t  d r y  m a t t e r  was 4 1 .3  %, 4 6 . 4  % 
a n d  3 3 .6  %, r e s p e c t i v e l y .
The t e t r a p l o i d  s u d a n g r a s s ,  p r o d u c e d  by c o l c h i c i n ,  p r o v e d  
t o  b e  more s e n s i t i v e ,  i n  a l l  t h r e e  t r e a t m e n t ,  f o r  a l l  t h e  
c h a r a c t e r s  s t u d i e d  t h a n  was t h e  d i p l o i d  s u d a n g r a s s .
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EFFECT OF GAHMA IRRADIATION ON THE PROTEIN SYNTHESIS OF PEA 
G. B a g i ,  E . J .  H i d v é g i
" F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  a n d  R a d i o h y g i e n e ,  H -1 7 7 5  B u d a p e s t
Dry s e e d s  o f  p e a  h a v e  b e e n  i r r a d i a t e d  b e tw e e n  z e r o  t o  
1 0 0 0  Gy d o s e s .  P r o t e i n  s y n t h e s i s  i n  t h e  o n e - w e e k - o l d  e t h i o l a t e d
3
s e e d l i n g s  was e x a m in e d  by f i v e  h o u r s  l a b e l l i n g  w i t h  / Н / l e u c i n e  
a n d  f l u o r o g r a p h y  o f  t h e  l a b e l l e d  p r o t e i n s  a f t e r  f r a c t i o n a t i o n  
by  so d v u m  d o d e c y l  s u l p h a t e - a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  
P o l y r i b o s o m e s  w e re  a l s o  i s o l a t e d  f r o m  c o n t r o l  a n d  i r r a d i a t e d  
p e a  s e e d l i n g s  a n d  t h e  p o l y r i b o s o m e  p a t t e r n s  w e re  s t u d i e d  by 
s u c r o s e  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .
3
The i n c o r p o r a t i o n  o f  / Н / l e u c i n e  was 30 p e r c e n t  h i g h e r  i n  
t h e  i r r a d i a t e d  s a m p le s  t h a n  i n  t h e  u n i r r a d i a t e d  o n e s .
C o m p a r in g  t h e  p a t t e r n s  o f  p r o t e i n  s y n t h e s i s ,  t h e  i r r a d i a t i o n  
i n d u c e d  s e v e r a l  new b a n d s  o f  p r o t e i n s ,  w h e r e a s  o t h e r  b a n d s  
w e r e  r e l a t i v e l y  i n c r e a s e d  o r  d e c r e a s e d .
T he  c o n t e n t s  o f  mono- a n d  p o l y r i b o s o m e s  w ere  a b o u t  35 
p e r c e n t  h i g h e r  i n  t h e  i r r a d i a t e d  s e e d l i n g s  t h a n  i n  t h e  c o n t r o l s .  
The p o l y r i b o s o m e  p a t t e r n  sh o w ed  t h a t  a f t e r  i r r a d i a t i o n  t h e  
p o l y s o m e s  d e g r a d e d  t o  some e x t e n t  a n d  t h e r e  was a  s h i f t  o f  
p o l y r i b o s o m e s  i n t o  m o n o r ib o so m e s  a n d  s u b u n i t s .  T h e r e  c h a n g e s  
i n  p r o t e i n  s y n t h e s i s  a r e  v e r y  s i m i l a r  t h o s e  o b t a i n e d  by s t r e s s  
e f f e c t s  i n  p l a n t s .
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THE EFFECT OF GAMMA IRRADIATION ON THE FERTILITY OF COMMON 
CARP / CYPRINUS CARPIO L . /  SPERM
1 1 2  J .  B ak o s  , Z. C s e p r e g i  , J .  S im on
g 2
F i s h  C u l t u r e  R e s e a r c h  I n s t i t u t e ,  H -5 5 4 1  S z a r v a s ,  " M á rc iu s  15"  
A g r i c u l t u r a l  C o o p e r a t i v e ,  H -2376 H e rn á d
The s u c c e s s  o f  a r t i f i c i a l  f i s h  p r o p a g a t i o n  i s  d e t e r m i n e d  
by  t h e  h i g h  f e r t i l i t y  r a t e  o f  t h e  e g g s  a n d  by  t h e  s t r o n g  s u r v i ­
v a l  r a t e  o f  t h e  f i s h  f r y .  The m e th o d  o f  a r t i f i c i a l  p r o p a g a t i o n  
o f  f i s h e s ,  e s p e c i a l l y  C y p r i n i d a e ,  o f f e r s  p o s s i b i l i t i e s  f o r  
d i f f e r e n t  t r e a t m e n t s  o f  e g g s  a n d  s p e r m  b e f o r e  f e r t i l i z a t i o n .
The f e r t i l i t y  r a t e  o f  t h e  common c a r p  / C y p r in u s  c a r p i o  L . /
e g g s  was im p r o v e d  a f t e r  f e r t i l i z a t i o n  w i t h  t h e  sp e rm  t r e a t e d  
6 Оb y  3 -2 0  Gy Co gamma r a y s .  The b e s t  r e s u l t  was o b t a i n e d  w i t h  
s p e r m  t r e a t e d  b y  5 Gy d o s e  o f  i r r a d i a t i o n .  As a  r e s u l t  o f  
i r r a d i a t i o n ,  t h e  f e r t i l i t y  r a t e s  o f  t h e  e g g s  w e re  6 -2 7  p e r c e n t  
h i g h e r  t h a n  t h o s e  o f  u n t r e a t e d  c o n t r o l s .
The s u r v i v a l  r a t e  o f  f r y  w as d e t e r m i n e d  u n d e r  f i s h p o n d  
c o n d i t i o n s  i n  t h e  s e c o n d  y e a r .  The s u r v i v a l  r a t e  o f  t h e  5 Gy 
t r e a t e d  g ro u p  w as 28 p e r c e n t  h i g h e r  t h a n  t h a t  o f  t h e  u n t r e a t e d  
o n e .
Acta Biochimica et Biophysica Academiae Scientiarum Hungaricae 20, 1985
35
BIOCHEMICAL AND MORPHOLOGICAL ALTERATIONS IN BRAIN OF NEWBORN 
MICE AFTER NEUTRON IRRADIATION, IN UTERO
S . A n ta l '* ' ,  A. Fónagy'* ', J .  H o llan d '* ' ,  Z. F ü l ö p ^ ,  E . J .  H idvégi '* '
" F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  ^ n s t i t u t e  f o r  R a d i o -  
b i o l o g y  a n d  R a d i o h y g i e n e ,  H -1775 B u d a p e s t ,  ^ l s t  I n s t i t u t e  o f  
A n a to m y , Sem m elw eis  M e d ic a l  U n i v e r s i t y ,  H-1094 B u d a p e s t
I r r a d i a t i o n  o f  m ice  by 0 . 5  Gy f i s s i o n  n e u t r o n  i n  l a t e  
g e s t a t i o n a l  p e r i o d  l e d  t o  t h e  d e a t h  o f  a b o u t  h a l f  o f  t h e  new ­
b o r n  a n i m a l s  i n  t h r e e  d a y s  a f t e r  b i r t h .  S u r v i v i n g  m ice  e x h i ­
b i t e d  c o n s i d e r a b l y  s m a l l e r  bo d y  w e i g h t s  a n d  e v e n  s m a l l e r  b r a i n  
w e i g h t s  t h a n  t h o s e  o f  t h e  u n i r r a d i a t e d  c o n t r o l s  /V o g e l  a n d  
A n t a l :  R a d i a t .  R e s .  98, 5 2 ,  1 9 8 4 / .  H i s t o l o g i c a l  e x a m i n a t i o n s ,  
p e r f o r m e d  i n  1 8 - d a y - o l d  e m b r y o n ic  b r a i n  6 h o u r s  a f t e r  i r r a d i a ­
t i o n  show ed  n u c l e a r  p y c n o s i s .  I n  t h e  c e r e b e l l a r  e x t e r n a l  g r a ­
n u l a r  l a y e r ,  i . e .  i n  t h e  a c t i v e l y  p r o l i f e r a t i n g  c e l l s  was f o u n d  
t h e  m o s t  p r o n o u n c e d  d am age .  T h e s e  c e l l s  w e re  p h a g o c y t e d  by 12 
h o u r s  / A n t a l  e t  a l . :  I n t .  J .  R a d i a t .  B i o l .  £ 6 ,  4 2 5 ,  1 9 8 4 / .
The DNA c o n t e n t  o f  w h o le  b r a i n  o f  t h r e e - w e e k - o l d  m ic e  i r r a d i ­
a t e d  i n  u t e r o  on  1 8 t h  d ay  o f  p r e g n a n c y  showed t h a t  t h e  c e l l  
num ber  d e c r e a s e d  b y  40 %. S y n t h e s i s  o f  b r a i n  p r o t e i n s  was 
i n h i b i t e d  e s p e c i a l l y  t h a t  o f  h i s t o n e s  a n d  o f  c e r t a i n  n o n - h i s ­
t o n e s ,  s e p a r a t e d  b y  t w o - d i m e n s i o n a l  g e l  e l e c t r o p h o r e s i s .  
R e g a r d i n g  t h e  m e c h a n ism  o f  p r o t e i n  s y n t h e s i s ,  i n v e s t i g a t i o n s  
show ed  t h a t  a m i n o - a c y l a t i o n  o f  t r a n s f e r - R N A  d e c r e a s e d  s i g n i f i ­
c a n t l y .  T h i s  m ig h t  e x p l a i n  t h e  i m p a i r e d  p r o t e i n  s y n t h e s i s .  
I r r a d i a t i o n  o f  n e w b o rn  m ic e  w i t h  0 . 5  Gy f i s s i o n  n e u t r o n s  
c a u s e d  n e i t h e r  i n c r e a s e  o f  m o r t a l i t y  r a t e  n o r  r e d u c t i o n  i n  
b r a i n  s i z e  n o r  i n  s y n t h e s i s  o f  b r a i n  p r o t e i n s  / R a d i a t .  R e s . ,  
i n  p r e s s / .  T h e se  p henom ena  i n d i c a t e  t h a t  t h e  d e c r e a s e d  p r o t e i n  
s y n t h e s i s  i n  b r a i n  i s  p r o b a b l y  i n  c o n n e c t i o n  w i t h  t h e  dam age 
o f  n e u r o b l a s t  w h ic h  a c t i v e l y  p r o l i f e r a t e s  a t  t h e  l a t e  s t a g e  
o f  p r e g n a n c y  o f  m ic e  and  t h u s ,  i t  i s  e s p e c i a l l y  s e n s i t i v e  t o  
r a d i a t i o n .  T h ese  r e s u l t s  m ig h t  c o n f e r  w i t h  d a t a  o f  J a p a n e s e  
bomb s u r v i v o r s  r e - e v a l u a t e d  by  O ta k e  a n d  S c h u l l  / B r i t .  J .  
R a d i o l .  5 7 ,  409 , 1 9 8 4 / .  They show ed  t h a t  s e v e r e  m e n t a l
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r e t a r d a t i o n  o c c u r r e d  m a in ly  i n  d e s c e n d a n t s  o f  women e x p o s e d  
t o  i r r a d i a t i o n  b e t w e e n  8 -1 5  w eek s  o f  p r e g n a n c y ,  w h ic h  i s  t h e  
p e r i o d  o f  r a p i d  p r o l i f e r a t i o n  o f  n e u r o b l a s t s .
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THE EFFECT OF X-IRRADIATION AND HYPERTHERMIA ON P388 TUMOR
L. P e r l a k y ,  A. F ó n a g y ,  E . J .  H íd v é g i
" F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  and  R a d i o h y g i e n e ,  H-1775 B u d a p e s t
D i f f e r e n t  m o d a l i t y  c o m b i n a t i o n s  / s u r g e r y ,  i r r a d i a t i o n ,  
h y p e r t h e r m i a ,  c h e m o t h e r a p y /  s u p p l e m e n t i n g  e a c h  o t h e r  h a v e  come 
t o  t h e  f o r e f r o n t  i n  t h e  t h e r a p y  o f  c a n c e r .  A c c o r d i n g  t o  t h e  
t e n d e n c y  o f  s t u d y i n g  t h e  m ech an ism  o f  a c t i o n ,  b i o l o g i c a l  a n d  
b i o c h e m i c a l  c h a n g e s  o c c u r i n g  on t h e  e f f e c t  o f  X - i r r a d i a t i o n  
a n d / o r  i n  v i t r o  h y p e r t h e r m i a  h av e  b e e n  s t u d i e d  i n  P388 l e u k e m i c  
B6D2F1 m i c e .  I n  c o m b in e d  t r e a t m e n t ,  when a s c i t e s  c e l l s  w e re  
i n c u b a t e d  a t  4 3 .5 ° C  f o r  1 h r ,  t r a n s p l a n t e d  i . p .  a n d  m ice  w e r e  
w h o le - b o d y  i r r a d i a t e d  w i t h  4 Gy a t  12 h r  a f t e r  t r a n s p l a n t a t i o n ,  
t h e  l i f e - s p a n  was i n c r e a s e d  by 70 %. The e f f e c t  o f  l o c a l  X - i r r a ­
d i a t i o n  was i n v e s t i g a t e d  o n  s o l i d  tu m o r  i n d u c e d  by i . m .  t r a n s ­
p l a n t a t i o n  o f  a s c i t e s  c e l l s .  S o l i d  t u m o r  r e s u l t e d  i n  m é t a s t a s é s  
i n  t h e  l i v e r  a n d  t h e  s p l e e n .  No m é t a s t a s é s  w e re  o b s e r v e d  f ro m  
s o l i d  t u m o r s ,  i n d u c e d  by  i . m .  t r a n s p l a n t a t i o n  o f  a s c i t e s  tu m o r  
c e l l s  t r e a t e d  w i t h  i n  v i t r o  h y p e r t h e r m i a  a t  4 3 .5 ° C  f o r  1 h r .  
L o c a l  6 Gy X - i r r a d i a t i o n  o n  t h e  1 s t  d a y  p o s t - t r a n s p l a n t a t i o n  
r e s u l t e d  i n  a  33 % i n c r e a s e  o f  l i f e - s p a n  o f  m e t a s t a s i s  p r o ­
d u c i n g  s o l i d  t u m o r s  w h i l e  a n  80 % l i f e - s p a n  p r o l o n g a t i o n  was 
o b s e r v e d  i n  c a s e  o f  n o n - m e t a s t a s i n g  s o l i d  t u m o r s  i n d u c e d  by 
h y p e r t h e r m i a  t r e a t e d  a s c i t e s  c e l l s .  The q u a n t i t y  o f  n u c l e a r  
p r o t e i n s  i n  a s c i t e s  tu m o r  c e l l s  a n d  t h e  i n t e n s i t y  o f  s y n t h e s i s  
w e re  s t u d i e d  by  ~>S - m e t h i o n i n e  i n c o r p o r a t i o n  a n d  0 ' F a r r e l l ' s  
t w o - d i m e n s i o n a l  g e l  e l e c t r o p h o r e s i s  t e c h n i q u e .  I t  was s t a t e d  
t h a t  t h e  i n t e n s i t y  o f  n o n - h i s t o n e  p r o t e i n  s y n t h e s i s  s i g n i f i ­
c a n t l y  d e c r e a s e d  f o l l o w i n g  4 Gy w h o le - b o d y  X - i r r a d i a t i o n .  The 
s y n t h e s i s  a n d  t h e  a m o u n t  o f  n u c l e a r  p r o t e i n s  a l s o  d e c r e a s e d  
o f  i n  v i t r o  h y p e r t h e r m i a  a t  4 3 .5 ° C ,  h o w e v e r ,  some new p r o t e i n s ,  
s p e c i f i c  t o  h e a t - t r e a t m e n t ,  / t h e  s o - c a l l e d  " h e a t  s h o c k "  p r o ­
t e i n s /  w e re  d e t e c t e d  i n  t h e  r a n g e s  o f  30 kD , 55 kD a n d  70 kD 
m o l e c u l a r  w e i g h t .
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EFFECT OF CHRONIC TRITIUM EXPOSURE ON THE MUTABILITY AND RADIO 
SENSITIVITY OF CULTURED CHINESE HAMSTER OVARY CELLS
L . P .  V a r g a ,  S .  G undy , J .  N a m é n y i , I .  S z e g e d i
" F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  a n d  R a d i o h y g i e n e ,  H -1775  B u d a p e s t
The l o n g  t e r m  e f f e c t  o f  t r i t i u m  b e t a  r a d i a t i o n  was 
s t u d i e d  on  C h in e s e  h a m s t e r  o v a r y  c e l l s  m a i n t a i n e d  c o n t i n u o u s l y  
f o r  m on ths  i n  m edium  c o n t a i n i n g  t r i t i u m  o x i d e  /НТО/ o r  t r i t i -  
a t e d  t h y m i d i n e  /3HTdR/ a t  c o n c e n t r a t i o n  o f  3 .7  kB q-37  B q / m l .  
D u r i n g  t h e  i n c u b a t i o n  p e r i o d  t h e  i n d u c e d  g e n e  m u t a t i o n s  w e re  
d e t e r m i n e d  f o r  t h e  h y p o x a n t h i n e - g u a n i n e - p h o s p h o r i b o s y l  t r a n s ­
f e r a s e  /HGPRT/ l o c u s ,  t h e  c h ro m o s o m a l  a b e r r a t i o n s  a n d  s i s t e r  
c h r o m a t i d  e x c h a n g e s  w e re  a n a l y z e d  b y  s t a n d a r d  m e t h o d s . R a d i o ­
s e n s i t i v i t y  o f  c e l l s  was e x p r e s s e d  a s  a  f u n c t i o n  o f  i n a c t i ­
v a t i o n  r a t e  a f t e r  e x p o s u r e  t o  X - r a y s .
A c c o r d in g  t o  t h e  e x p e r i m e n t a l  d a t a  t h e  c h r o n i c  t r i t i u m  
b e t a  i r r a d i a t i o n  r e s u l t e d  i n  a  b i p h a s i c  r e s p o n s e  i n  m u t a t i o n s  
t e s t e d .  A f t e r  1 - 2  m o n t h s '  e x p o s u r e  t o  t r i t i u m  t h e r e  a p p e a r e d  
t o  b e  a  more e f f e c t i v e  r e p a r a t i o n ,  w h i l e  l a t e r  / 3 - 6  m o n t h s '  
e x p o s u r e /  t h e r e  d e v e l o p e d  a  h y p e r m u t a b i l i t y  o f  c e l l s  w h ic h  
w as  v e r i f i e d  by  t r e a t m e n t  o f  c e l l s  w i t h  a  c h e m i c a l  m u ta g e n ,  
e t h y l  m e t h a n e s u l f o n a t e  /EM S/. R e g a r d i n g  t h e  r a d i o s e n s i t i v i t y ,  
no  d i f f e r e n c e s  c o u l d  be  o b s e r v e d  a s  c o m p a re d  w i t h  t h e  c o n t r o l s
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RADIOSENSITIVITY OF BONE MARROW FIBROBLAST COLONY-FORMING UNITS 
AND THEIR GROWTH KINETICS AFTER IRRADIATION
J .  G i d á l i ,  I .  F e h é r ,  В. K a n y á r
" F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  a n d  R a d i o h y g i e n e ,  H -1775  B u d a p e s t
M u r in e  b o n e  m arrow  d e r i v e d  f i b r o b l a s t i c  c o l o n i e s  /C FU -F/ 
a r e  r e g a r d e d  a s  p a r t  o f  t h e  h a e m o p o i e t i c  s t r o m a .  I n  o r d e r  t o  
o b t a i n  i n f o r m a t i o n  on  t h e  e f f e c t  o f  r e l a t i v e l y  lo w  d o s e  / 0 . 5  Gy/ 
gamma i r r a d i a t i o n  o n  t h e  CFU-F p o p u l a t i o n ,  i n  v i t r o  r a d i o ­
s e n s i t i v i t y  o f  CFU-F was d e t e r m i n e d  a n d  g ro w th  k i n e t i c s  o f  
CFU-F f ro m  n o rm a l  b o n e  m arrow  o r  b o n e  m arrow  f ro m  BDF-^ m ic e  
i r r a d i a t e d  w i t h  0 . 5  Gy w ere  c o m p a r e d .  S i n c e  a  s t r i c t  c o r r e l a ­
t i o n  b e tw e e n  c e l l  c o u n t  a n d  s u r f a c e  a r e a  o f  c o l o n i e s  was f o u n d ,  
a n d  CFU-F c o l o n i e s  a r e  known t o  b e  c l o n e s ,  t h e i r  g r o w th  
k i n e t i c s  was c h a r a c t e r i z e d  by  t h e i r  s u r f a c e  a r e a .  The d a t a  
o b t a i n e d  i n d i c a t e d  h e t e r o g e n e i t y  o f  n o r m a l  CFU-F p o p u l a t i o n :  
t h e  c a l c u l a t e d  p o p u l a t i o n  d o u b l i n g s  i n  7 d a y - o l d  c o l o n i e s  
v a r i e d  f r o m  5 .9  t o  8 . 0 ,  s u g g e s t i n g  t h a t  t h e  CFU-F p o p u l a t i o n  
c o n s i s t s  o f  s u b p o p u l a t i o n s  w i t h  v a r i o u s  d o u b l i n g  c a p a c i t y .  The 
r a d i o s e n s i t i v i t y  o f  t h e s e  s u b p o p u l a t i o n s  p r o v e d  t o  b e  d i f f e r e n t ,  
t o o .  An i n  v i v o  gamma i r r a d i a t i o n  o f  0 . 5  Gy d i d  n o t  r e d u c e  
s i g n i f i c a n t l y  t h e  f e m o r a l  CFU-F c o n t e n t .  The r e d u c t i o n  was 
q u i c k l y  r e v e r s e d  a n d  a  s i g n i f i c a n t  o v e r s h o o t  was o b s e r v e d  
1 0 -1 1  w e e k s  a f t e r  t h e  e x p o s u r e .  T r a n s i e n t  c h a n g e s  i n  t h e  r a t i o  
o f  CFU-F s u b p o p u l a t i o n s  a n d  a  s l i g h t l y  i n c r e a s e d  d o u b l i n g  t im e  
o f  CFU-F f ro m  0 . 5  Gy i r r a d i a t e d  m ic e  may be  r e s p o n s i b l e  f o r  
t h i s  l a t e  o v e r s h o o t .
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THE EFFECT OF RADIOPROTECTORS AND IRRADIATION ON THE PLATE­
LET MONOAMINE OXIDASE ACTIVITY
К . B o d ó , Gy. B enkő
" F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  a n d  R a d i o h y g i e n e ,  H -1775  B u d a p e s t
Monoamine o x i d a s e  /МАО/ a c t i v i t y  i n  b l o o d  p l a t e l e t s  h a s  
b e e n  a ssu m e d  t o  m i r r o r  t h e  a c t i v i t y  o f  t h i s  enzym e i n  t h e  
b r a i n ,  a n d  b o t h  a c t i v i t i e s  h a v e  b e e n  r e l a t e d  t o  t h e  c e n t r a l  
m o n o a m in e rg ic  a c t i v i t y .
The a u t h o r s  e x a m in e d  t h e  a c t i v i t y  o f  r a b b i t  p l a t e l e t  MAO 
a f t e r  i n c u b a t i o n  w i t h  v a r i o u s  r a d i o p r o t e c t o r s  i n  v i t r o . 
P l a t e l e t  MAO a c t i v i t y  was m e a s u r e d  by s p e c t r o f l u o r i m e t r i c
m e th o d  u s i n g  k y n u r a m i n e  a s  s u b s t r a t e .  I t  w as s t a t e d  t h a t
—6 -52 .5 x 1 0  M3ml AET d o e s  n o t  c a u s e  a n y  c h a n g e  b u t  1x10 M/ml AET
r e s u l t e d  i n  c o m p l e t e  enzyme i n h i b i t i o n .  A t  t h e  same t i m e ,
WR 2721 i n  6 x 1 0  ^M/ml an d  2 x 1 0  ^M/ml c o n c e n t r a t i o n s  d i d  n o t  
e f f e c t  p l a t e l e t  MAO a c t i v i t y .  A f t e r  1 h r  o f  i n  v i t r o  10 Gy 
g a m m a - i r r a d i a t i o n  t h e  enzyme a c t i v i t y  d e c r e a s e d  by 25 %.
A f t e r  t h e  i n  v i t r o  e x p e r i m e n t s  t h e  a u t h o r s  d e t e r m i n e d  t h e  
i n  v i v o  e f f e c t  o f  AET a n d  WR 2721 o n  p l a t e l e t  MAO a c t i v i t y  o f  
r a b b i t s .  I t  w as f o u n d  t h a t  p r e t r e a t m e n t  w i t h  AET r e d u c e d  t h e  
enzym e a c t i v i t y  w h i l e  WR 2721 h a d  n o t  s u c h  e f f e c t .  The 
p l a t e l e t  MAO a c t i v i t y  was s t u d i e d  a f t e r  l e t h a l  d o s e  w h o l e -  
- b o d y  g a m m a - i r r a d i a t i o n .  I n  t h e s e  e x p e r i m e n t s  t h e  enzyme 
a c t i v i t i e s  c h a n g e d  i n  t h e  sam e d i r e c t i o n  a s  i n  t h e  i n  v i t r o  
e x p e r i m e n t s .
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THE RADIOSENSITIZING EFFECT OF ACETONE AT VARIOUS OXYGEN 
CONCENTRATIONS
L . G a z só ,  A. Dám
" F r é d é r i c  J o l i o t - C u r i e " N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  an d  R a d i o h y g i e n e ,  H-1775 B u d a p e s t
The r a d i o s e n s i t i z i n g  e f f e c t  o f  a c e t o n e  was i n v e s t i g a t e d  
i n  B a c i l l u s  m e g a t e r i u m  s p o r e s .  E x p e r i m e n t s  w e re  done  i n  
a q u e o u s  a n d  n o n - a q u e o u s  l i q u i d s  w i t h  f o u r  o x y g e n  c o n c e n t r a t i o n s  
/100% N j ,  0.7% O^i 1.4% O2  a n d  2.1% O2  i n  f ^ / .  U nder  a n o x i c  
c o n d i t i o n s  t h e  e x t e n t  o f  s e n s i t i z a t i o n  i n c r e a s e s  w i t h  i n ­
c r e a s i n g  a c e t o n e  c o n c e n t r a t i o n s  up  t o  a  maximum s e e n  a t  
a r o u n d  14 m o l e s / l i t r e .  I n c r e a s e  o f  o x y g e n  c o n c e n t r a t i o n  shows 
a  d e c r e a s i n g  t e n d e n c y  i n  s e n s i t i z a t i o n .  The r a d i o s e n s i t i z i n g  
a c t i o n  o f  a c e t o n e  i s  d ue  t o  t h e  s c a v e n g e  o f  h y d r a t e d  e l e c t r o n s .
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MODIFICATION OF 8 5 S r  RETENTION BY FLAVONE DERIVATIVES IN 
PREGNANT AND SUCKLING RATS
A. G a c h á l y i ,  J .  N am ény i,  P . L .  V a rg a
" F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  a n d  R a d i o h y g i e n e ,  H -1775  B u d a p e s t
8 5I t  was s t a t e d  e a r l i e r  t h a t  t h e  a c c u m u l a t i o n  o f  S r  i n
t h e  b o n e s  o f  p o u l t r y  c o u l d  b e  i n h i b i t e d  by some f l a v o n e
d e r i v a t i v e s  w h ic h  m i g h t  b e  r a d i o p r o t e c t i v e ,  t o o .
g g  —go
B e c a u s e  t h e  S r  i s o t o p e  i s  o n e  o f  t h e  m o s t  d a n g e r o u s
f i s s i o n  p r o d u c t  a n d  i t s  d e c o r p o r a t i o n  h a s  some u n s o l v e d
p r o b l e m s ,  t h e  p o s s i b i l i t y  o f  t h e r a p e u t i c  a p p l i c a t i o n  o f
7 - i s o p r o p o x y - i s o f l a v o n e  / I p r i f l a v o n ,  I F . /  a n d  2 ' ,  3 . 4 ' ,  5 . 7 -
p e n t a h y d r o x y f l a v o n e  /M o r i n ,  MO./ was i n v e s t i g a t e d  i n  r o d e n t s .
The e f f e c t  o f  IF  a n d  MO w as s t u d i e d  i n  p r e g n a n t  a n d
8 5s u c k l i n g  r a t s  o n  t h e  r e d u c t i o n  a n d  e l i m i n a t i o n  o f  S r C ^ .
P r e g n a n t  r a t s  w e r e  f e d  a  d i e t  c o n t a i n i n g  IF  o r  MO i n  a  d o s e
o f  2 .5  g / k g .  A t  t h e  e n d  o f  t h i r d  week o f  g e s t a t i o n ,  r a t s  w e re  
8 5e x p o s e d  t o  S r C ^ .  N orm al r a t s  d i v i d e d  i n t o  s i m i l a r  g r o u p s  
h a d  t h e  same t r e a t m e n t  s c h e d u l e .
8 5I t  was c l e a r l y  shown t h a t  t h e  e l i m i n a t i o n  o f  S r  was 8*
8 5i n c r e a s e d  by  b o t h  I F  a n d  MO. The S r  w h ic h  r e m a i n e d  i n  t h e
b o d y  was o n l y  30-50% o f  c o n t r o l  v a l u e .  The w h o le  bo d y  b u r d e n
o f  s u c k l i n g  r a t s  was a l s o  d e c r e a s e d ,  a n d  c o r r e s p o n d e d  t o  t h e
50-80% o f  c o n t r o l  a n i m a l s .
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INVESTIGATIONS ON THE DISTRIBUTION AND ELIMINATION OF 6 5 Zn IN 
NUDE AND THYMECTOMI ZED MICE
G. D e s e ő ,  В. M á n d i , J .  F a c h e t ,
P h a r m a c o l o g i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -4012 D e b re c e n
The d i s t r i b u t i o n  a n d  e l i m i n a t i o n  o f  ^ Z n C l «  w e re  i n v e s t i ­
g a t e d  i n  v a r i o u s  o r g a n s  o f  i n b r e d ,  t h y m e c t o m i z e d  and  nude  
BALB/c m ic e  i n  d i f f e r e n t  i n t e r v a l s .  The m ic e  / i n  1 5 -1 5  s e p a ­
r a t e d  g r o u p s /  w e r e  f e d  w i t h  n o rm a l  f o o d - p r e p a r a t i o n  a n d  w a t e r
was g i v e n  ad  l i b .  The a n i m a l s  w e re  i n j e c t e d  i n t r a p e r i t o n e a l l y
6 5o f  80 kBq 0 . 1  ml i s o t o n i c  Z n C ^  s o l u t i o n .  The e l i m i n a t i o n  o f  
i s o t o p e  f ro m  e a c h  m ouse  was m e a s u re d  d a i l y  u n t i l  t w i c e  T 
u s i n g  w h o le - b o d y  c o u n t e r .
The mean h a l f  t i m e s  i n  d i f f e r e n t  a n i m a l  g r o u p s  w e re  a s  
f o l l o w s :  o f  c o n t r o l  was fo u n d  t o  b e  7 .9  d a y s ,  o f  t h y m e c t o ­
m iz e d  9 . 5  d a y s ,  o f  n u d e  m ic e  6 .4 8  d a y s .  The d i s t r i b u t i o n  o f  
i s o t o p e  was m e a s u r e d  i n  10 v a r i o u s  o r g a n s  24 h o u r s  a f t e r  
i n j e c t i o n  a s  w e l l  a s  a f t e r  t h e  f i r s t  a n d  t h e  s e c o n d  T ^  t i m e .
The d a t a  r e v e a l e d  t h a t  t h e  thym us h a d  a n  i n f l u e n c e  o n  t h e  
Z n - m e ta b o l i s m  o n l y  i n  t h e  b r a i n ,  t h e  b o n e  a n d  t h e  s k i n .
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Na-SUCCINATE IS  A PROTECTIVE COMPOUND AGAINST ACUT 6° C o -  
GAMMA IRRADIATION VIA INHIBITION OF L IP ID  PEROXIDATION
1 2  2 1 2  É .  R ó n a i  , L. T r e t t e r  , L .  M é s z á r o s  , Gy. B enkő , I .  H o r v á t h
' ' ' " F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d io  
b i o l o g y  and  R a d i o h y g i e n e ,  H -1775  B u d a p e s t ,  ^ B i o c h e m i c a l  I n s t i ­
t u t e ,  Sem m elweis M e d i c a l  U n i v e r s i t y ,  Н -Ю 88 B u d a p e s t
M é sz á ro s  e t  a l .  h a v e  o b s e r v e d ,  t h a t  a  r e s p i r a t o r y  s u b s t r a t e  
s u c c i n a t e  i n h i b i t s  N A D PH -dependent /ADP-Fe s t i m u l a t e d /  l i p i d  
p e r o x i d a t i o n  o f  l i v e r  m i t o c h o n d r i a .  I t  was f o u n d ,  t h a t  t h i s  
e f f e c t  o f  s u c c i n a t  d e c r e a s e d  a f t e r  12^ w h o le - b o d y  ^^C o-gam m a-  
i r r a d i a t i o n  d e p e n d i n g  o n  t h e  d o s e  o f  i r r a d i a t i o n .  I n  t h e  
p r e s e n t  e x p e r i m e n t s  t h e  i n h i b i t o r y  e f f e c t  o f  s u c c i n a t e  o n  
l i p i d  p e r o x i d a t i o n  was i n v e s t i g a t e d  i n  l i v e r  m i t o c h o n d r i a ,  
p r e p a r e d  f ro m  i r r a d i a t e d  r a t s  w i t h  9 . 0  Gy. L i p i d  p e r o x i d a t i o n  
w as  a s s e s s e d  by  t h e  m e a s u r e m e n t  o f  m a l o n d i a l d e h y d e  /MDA/ 
a p p l y i n g  t h e  t h i o b a r b i t u r i c  a s s a y .
9 . 0  Gy ^ C o - g a m m a - i r r a d i a t i o n  r e s u l t s  i n  i n c r e a s e d  MDA 
c o n c e n t r a t i o n s  i n  l i v e r  m i t o c h o n d r i a ,  d u r i n g  t h e  f i r s t  f o u r  
d a y s  a f t e r  i r r a d i a t i o n ,  b u t  t h e  i n h i b i t o r y  e f f e c t  o f  s u c c i ­
n a t e  was s i g n i f i c a n t l y  d i m i n i s h e d .  The r a t e  o f  l i p i d  p e r o x i ­
d a t i o n  r e m a in e d  u n c h a n g e d  7 a n d  10 d a y s  a f t e r  i r r a d i a t i o n .  
T h e s e  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  i n h i b i t i o n  o f  l i p i d  
p e r o x i d a t i o n  by  s u c c i n a t e  may p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  
d e f e n s e  a g a i n s t  i r r a d i a t i o n .
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EFFECT OF IONIZING RADIATION ON THE RECOGNIZABILITY OF ALLO- 
ANTIGENS IN MIXED LYMPHOCYTE CULTURE
S .  P e l l e t ,  A. T e m e s i
" F r é d é r i c  J o l i o t - C u r i e " N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  a n d  R a d i o h y g i e n e ,  H -1775 B u d a p e s t
The p o s s i b i l i t y  o f  a l l o g e n  t i s s u e  t r a n s p l a n t a t i o n  i s  
l i m i t e d  by HLA d i f f e r e n c e  e x i s t i n g  among i n d i v i d u a l s ,  t o o .
I n  m o d e l  e x p e r i m e n t s  u s i n g  m ix ed  l y m p h o c y te  r e a c t i o n  /MLR/ 
we s t u d i e d  w h e t h e r  t h e  t r e a t m e n t  o f  s e n z i t i z i n g  l y m p h o c y te  
w i t h  gamma r a d i a t i o n  / 0 . 1 ,  0 . 1 5 ,  0 . 2 0 ,  0 . 3 0  a n d  0 . 4 0  kGy/ 
m akes  a n y  e f f e c t  o n  t h e  s e n s i t i z i n g  a b i l i t y .  I t  was s t a t e d  
t h a t  r a d i a t i o n  d o s e s  d e c r e a s e  t h e  r e c o g n i z a b i l i t y  o f  a l l o -  
a n t i g e n s  d o s e - d e p e n d e n t l y . F u r t h e r m o r e ,  i t  was a l s o  e s t a b l i s h e d  
t h a t  t h e  i r r a d i a t i o n  o f  t h e  medium c o n t a i n i n g  m ix e d  AB s e r u m  
u s e d  f o r  l y m p h o c y te  c u l t u r e s ,  t h e  a p p l i c a t i o n  o f  s u p e r n a t a n t  
o f  i r r a d i a t e d  c e l l s  t o  l y m p h o c y te  c u l t u r e s  h a s  no i n f l u e n c e  
o n  t h e  s t i m u l a t i n g  e f f e c t  o f  a l l o a n t i g e n s .
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DOSE SURVIVAL AND ENDOGENOUS SPLEEN COLONY PRODUCTION IN THE 
C5 7B 1/ lOScSn MOUSE STRAIN
1 2 S z .  Mózsa , В . K a n y á r
^ C l i n i c  o f  R a d i o l o g y ,  Sem m elw eis  M e d i c a l  U n i v e r s i t y ,
" F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d i o -  
b i o l o g y  a n d  R a d i o h y g i e n e ,  H -1775 B u d a p e s t
Even i n  o u r  d a y s ,  t h e  d o s e  s u r v i v a l  o f  e x p e r i m e n t a l  
a n i m a l s  i s  a n  i m p o r t a n t  q u e s t i o n  i n  r a d i a t i o n  b i o l o g y  a n d  b i o ­
p h y s i c s .  I t  i s  a n  e s s e n t i a l  f e a t u r e  t h a t ,  by i n t r o d u c i n g  t h e  
d o s e  e f f e c t  c u r v e s ,  m a t h e m a t i c s  g a i n e d  a  l a r g e r  g r o u n d  a l s o  
i n  t h e  "w hole  a n i m a l "  f i e l d  o f  b i o l o g i c a l  i n t e g r a t i o n  / m o d e l s / .  
E x p e r i m e n t i n g  w i t h  942 C 5 7 B l /1 0 S c S n  m ic e  o f  h y g i e n i c  c a t e g o r y  
I I . ,  o f  b o t h  s e x e s ,  a g e d  8 w e e k s :  1 . /  t h e  s u r v i v a l  i n  t h e  d o s e  
i n t e r v a l  o f  t h e  h e m a t o l o g i c  r a d i a t i o n  sy n d ro m e  a n d  2 . /  t h e  
s u r v i v a l  k i n e t i c s  o b s e r v e d  u n t i l  t h e  d a y  o f  t h e  e n d o g e n o u s  
s p l e e n  c o l o n y  b u i l d i n g  / t h e  l l . p . i .  d a y /  w e re  i n v e s t i g a t e d .
The p a r a m e t e r s  o f  i r r a d i a t i o n  w e r e  a s  f o l l o w s :  X - ra y  t h e r a p y  
e q u ip m e n t  t y p e  SIEMENS S t a b i l i p a n ,  HVL = 0 .5 6  mmCu, 0 . 2 5 6 ^  
^ 0 .0 0 1 1  G y /m in ,  f  + 0 .9 3 6  r a d / R ,  a m b i e n t  t e m p e r a t u r e  20 ° C . 
A c c o r d in g  t o  o u r  d a t a : 1 . /  i n  t h e  d o s e  i n t e r v a l  o f
0 .  9 4 - 4 . 2 1  Gy, u n t i l  t h e  11 p . i .  d a y ,  t h e r e  i s  no m o r t a l i t y ;
2 .  / w i t h i n  t h e  d o s e  i n t e r v a l  o f  4 . 6 8 - 8 . 4 2  Gy t h e  d o s e  e f f e c t  
c u r v e s  o f  b o t h  s e x e s  h a v e  s i m i l a r  c h a r a c t e r i s t i c  d e c l i n e s ;
3. / t h e  m a le s  a r e  m ore  s e n s i t i v e ,  t h e y  s t a r t  d y i n g  a l r e a d y  
on  t h e  4 t o  6 t '1 d a y  / f e m a l e s  on  t h e  7 t o  9fc^  d a y / .  I n  t h e  
c a s e  o f  h i g h e r  d o s e s  t h i s  d i f f e r e n c e  b ecom es  i n d i s t i n c t .
4 .  / t h r e e  c h a r a c t e r i s t i c  g r o u p s  o f  c u r v e s  c a n  b e  fo rm e d :
1 .  / d o se  i n t e r v a l  4 . 6 8 - 5 . 6 2  Gy, I I . /  6 . 5 5 - 7 . 0 2  Gy a n d  I I I . /  
7 . 4 9 - 8 . 4 2  Gy. I n  t h e  l a s t  g r o u p  t h e  p a i r s  o f  c u r v e s  f a l l  
e x t r e m e l y  c l o s e  t o  e a c h  o t h e r .  The o b s e r v e d  d i f f e r e n c e s  c a n  
n o t  be  e x p l a i n e d  s o l e l y  by  t h e  h e m a t o l o g i c  r a d i a t i o n  s i c k n e s s ,  
t h e  e f f e c t  o f  t h e  "w ho le  a n i m a l "  m o r t a l i t y  m ec h a n ism  s h o u l d  
a l s o  b e  t a k e n  i n t o  c o n s i d e r a t i o n .  On t h e  d o s e  e f f e c t  c u r v e s  
o f  C R - p a i r  B 1 0 L P /S n  s t r a i n  / V . l i n k a g e  g r o u p s ,  H -313, AW/ d a t a  
w i l l  be  r e p o r t e d  l a t e r .
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NUCLEAR-ANALYTICAL PO SSIBILITIES OF A CYCLOTRON FOR AGRI­
CULTURAL PURPOSES
F .  D i t r ó i ,  S .  T a k á c s ,  F .  T á r k á n y i
I n s t i t u t e  o f  N u c l e a r  R e s e a r c h  o f  t h e  H u n g a r i a n  Academy o f  
S c i e n c e s ,  H -4001  D e b re c e n
The f i r s t  c y c l o t r o n  l a b o r a t o r y  o f  H u n g a ry  w i l l  s t a r t
w o r k in g  i n  D e b r e c e n  i n  1 9 3 5 .  The a c c e l e r a t o r  w i l l  b e  a s m a l l
3 4c o m p a c t  c y c l o t r o n  / a c c e l e r a t e d  p a r t i c l e s : p , d ,  H e, H e / .
B e s i d e  f u n d a m e n t a l  r e s e a r c h ,  a p p l i c a t i o n  / m e d i c a l ,  i n d u s t r i a l ,  
a g r i c u l t u r a l /  p r o j e c t s  w i l l  b e  r u n n i n g  i n  t h i s  l a b o r a t o r y .
The a g r i c u l t u r a l  a p p l i c a t i o n  i n c l u d e s  r a d i a t i o n  in d u c e d  
m u t a t i o n s ,  m e t a b o l i s m  t r a c i n g  by  m eans o f  com pounds  l a b e l l e d  
w i t h  c y c l o t r o n - i s o t o p e s ,  t r a c e  e l e m e n t  a n a l y s i s  o f  a g r i c u l t u r a l  
s a m p le s  by  m eans  o f  n u c l e a r  m e t h o d s . The a n a l y t i c a l  m e th o d s  t o  
b e  a p p l i e d  h e r e  a r e :  PIX E, PIGE / P a r t i c l e  I n d u c e d  X - ra y  and 
Gamma-ray E m i s s i o n / ,  CPAA, NAA /C h a r g e d  P a r t i c l e  a n d  N e u t r o n  
A c t i v a t i o n  A n a l y s i s / ,  RBS / R u t h e r f o r d  B a c k s c a t t e r i n g / .  T h e se  
m e th o d s  a r e  s u i t a b l e  f o r  t r a c e  a n a l y s i s  i n  d i f f e r e n t  a to m ic  
num ber  r a n g e s . The s e n s i t i v i t i e s  o f  t h e  m e th o d s  a r e  v a r y i n g  
f ro m  ppm t o  p p b .  An i m p o r t a n t  a p p l i c a t i o n  i s  t h e  i n v e s t i g a t i o n  
o f  v i t a l  a n d  t o x i c  e l e m e n t s  i n  v e g e t a b l e s  a n d  a g r i c u l t u r a l  
p r o d u c t s  u s e d  f o r  n u t r i t i o n .  A b s o r b t i o n  p r o c e s s  o f  a r t i f i c i a l  
f e r t i l i z e r s  c a n  b e  f o l l o w e d  by m eans o f  t r a c e  a n a l y s i s  o r  by 
a c t i v a t i n g  t h e  f e r t i l i z e r  a n d  m e a s u r i n g  t h e  r a d i a t i o n  o f  t h e  
p l a n t s .  The p r o t e c t i o n  o f  e n v i r o n m e n t  p o s s e s s e s  a  s p e c i a l  
i m p o r t a n c e  d ue  t o  t h e  a p p l i c a t i o n  o f  d a n g e r o u s  c h e m i c a l  
com pounds i n  m o d e rn  a g r i c u l t u r e ,  w h e re  a  c o n s i d e r a b l e  h e l p  c a n  
be  p r o v i d e d  by t h e  a p p l i c a t i o n  o f  t h e  s e n s i t i v e  m e th o d s  
m e n t io n e d  a b o v e .
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ISOTOPE PRODUCTION FOR AGRICULTURAL PURPOSES
P .  M ik e c z ,  Z. K o v á c s ,  F .  T á r k á n y i
I n s t i t u t e  f o r  N u c l e a r  R e s e a r c h ,  Ht 4001 D e b re c e n
A t t h e  end  o f  1 9 8 5 /  a f t e r  f i n i s h i n g  t h e  i n s t a l l a t i o n  o f  
t h e  f i r s t  H u n g a r i a n  c y c l o t r o n  i n  t h e  I n s t i t u t e  f o r  N u c l e a r  
R e s e a r c h ,  i t  w i l l  b e  p o s s i b l e  t o  p r o d u c e  many r a d i o a c t i v e  
i s o t o p e s .  They w i l l  b e  u s e d  i n  n u c l e a r  m e d i c i n e  f o r  d i a g n o s t i c  
p u r p o s e s ,  b u t  a n o t h e r  p o s s i b l e  way t o  u s e  th e m  w i l l  be  i n  
a g r i c u l t u r a l  r e s e a r c h .  I n  t h e  a g r o n u c l e a r  i n v e s t i g a t i o n s  t h e  
c h i p  r e a c t o r  i s o t o p e s  h a v e  t h e  p r i o r i t y .  H o w ev e r ,  t h e  H unga­
r i a n  r e a c t o r  u s e d  f o r  i s o t o p e  p r o d u c t i o n  w i l l  s o o n  b e  c l o s e d  
down f o r  r e c o n s t r u c t i o n  w o r k s ,  a n d  t h e  r e a c t o r  i s o t o p e s  w i l l  
b e  a v a i l a b l e  o n l y  f r o m  i m p o r t .  S o ,  i t  seem s t o  b e  p o s s i b l e  
a n d  e v e n  n e c e s s a r y  t o  u s e  c y c l o t r o n  i s o t o p e s  i n  t h e  a g r i c u l ­
t u r a l  r e s e a r c h ,  t o o .
13 11Among t h e  u l t r a - s h o r t - l i v e d  i s o t o p e s  t h e  N a n d  C c a n  
b e  u s e d  f o r  e x a m i n a t i o n  o f  N d i n i t r o g e n  f i x a t i o n  a n d  f o r
^ C - m e t h y l - l - m e t h i o n i n  l a b e l l e d  i n v e s t i g a t i o n s .
22 52 52I n  t h e  p l a n t  p h y s i o l o g y  i n v e s t i g a t i o n s  N a , Mn, F e ,
Co a n d  Zn i s o t o p e s  c a n  b e  u s e d  f o r  d e t e c t i o n  o f  d i f f e r e n t  
s y n t h e s i s  / p h o t o - ,  n u c l e i c  a c i d - ,  p r o t e i n - /  a n d  d e c o m p o s i t i o n  
/ p r o t e i n ,  s t a r c h ,  f a t ,  r e s p i r a t i o n /  p r o c e s s e s .
The i n c o r p o r a t i o n  o f  t h e  h e a v y  m e t a l s ,  w h ic h  c a n  g e t  i n t o
t h e  p l a n t s  d u e  t o  e n v i r o n m e n t a l  p o l l u t i o n  we c a n  f o l l o w  by 
197 203u s i n g  Hg a n d  Pb i s o t o p e s .
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APPLICATION PO SSIB ILITIES OF THE STABLE ISOTOPE MASS SPECTRO­
METER IN THE FIELD OF AGRICULTURA AND FOOD ANALYSIS
E . H e r t e l e n d i
I n s t i t u t e  o f  N u c l e a r  R e s e a r c h  o f  t h e  H u n g a r i a n  Academy o f  
S c i e n c e s ,  H -4 0 0 1  D e b r e c e n
The s t a b l e  i s o t o p e  r a t i o  m a ss  s p e c t r o m e t e r ,  u n d e r  d e v e l o p ­
m e n t  i n  o u r  N u c l e a r  R e s e a r c h  I n s t i t u t e ,  i s  a  f o u r  c o l l e c t o r  
d u a l  v i s c o u s  i n l e t  m ass  a n a l y s e r  w i t h  two i o n  s o u r c e s ,  1 8 0 °  
d e f l e c t i o n  g e o m e t r y ,  5 cm an d  15 cm d e f l e c t i o n  r a d i i ,  f o r  h i g h  
p r e c i s i o n  a n a l y s i s  o f  s t a b l e  i s o t o p e s  o f  H, C , N, 0 ,  S a n  u s e d  
i n  t h e  f i e l d  o f  a g r i c u l t u r e ,  f o o d  s c i e n c e ,  a r c h e o l o g y ,  h y d r o ­
l o g y  a n d  g e o l o g y .
15Among t h e  s t a b l e  i s o t o p e s  o f  b i o l o g i c a l  i n t e r e s t  N i s  
c h a r a c t e r i z e d  by an  e x c l u s i v e  u s e  i n  a g r i c u l t u r a l  s t u d i e s .  Gas 
p r e p a r a t i o n  m e th o d  u s i n g  l i t h i u m  h y p o b ro m id  a r e  u n d e r  d e v e l o p ­
m e n t  f o r  c o n v e r s i o n  o f  ammonium s a l t s  / p r o d u c e d  by  t h e
K j e l d a h l  d i g e s t i o n /  i n t o  m o l e c u l a r  N_. The s v s t e m  w i l l  b e
z 15a p p l i e d  f o r  n i t r o g e n  f e r t i l i z e r  s t u d i e s  u s i n g  N l a b e l l e d  
f e r t i l i z e r s .
N a t u r a l  p r o c e s s e s  l i k e  p h o t o s y n t h e s i s  é v a p o t r a n s p i r a t i o n  
f r a c t i o n a t e  t h e  c a r b o n ,  h y d r o g e n  a n d  o x y g en  i s o t o p e s  i n  l i v i n g  
m a t e r i a l .  F o o d  p r o d u c t s  a r e  s y n t h e s i z e d  by  l i v i n g  s y s t e m ,  
t h e r e f o r e  t h e  s t a b l e  i s o t o p e  r a t i o s  c o u l d  c o n f i r m  t h e  o c c u r ­
r e n c e  o f  p a r t i c u l a r  b i o c h e m i c a l  p a th w a y s  a n d  c o n s e q u e n t l y  t h e  
o r i g i n  and  t h e  l a b e l l i n g  o f  a  g i v e n  fo o d  p r o d u c t .
Acta Biochimica et Biophysica Academiae Scientiarum Hungaricae 20, 1985
50
DETERMINATION OF AMINO ACIDS IN LUPINE BY NIR TECHNIQUE 
J . K .  K a f fk a
C e n t r a l  Food R e s e a r c h  I n s t i t u t e ,  H - l l l l  B u d a p e s t
The d e t e r m i n a t i o n  o f  am ino  a c i d  c o m p o s i t i o n  i s  o f  m a jo r  
i n t e r e s t  t o  t h o s e  i n v o l v e d  i n  t h e  f o o d  a n d  f e e d  i n d u s t r y .
The m o st  i m p o r t a n t  a m in o  a c i d s  -  b e c a u s e  o f  t h e i r  h i g h  n u t r i ­
t i v e  s i g n i f i c a n c e  -  a r e  c o n s i d e r e d  t o  b e  t h e  10  e s s e n t i a l  
a m in o  a c i d s .
The s t a n d a r d  c h e m i c a l  d e t e r m i n a t i o n  o f  a m in o  a c i d  compo­
s i t i o n  i n v o l v e s  h y d r o l y s i s  o f  t h e  p r o t e i n s  f o l l o w e d  by c l e a n -  
- u p  a n d  i o n - e x c h a n g e  c h r o m a t o g r a p h y .  T h i s  i s  a  f a i r l y  c o m p l i ­
c a t e d  and  t i m e - c o n s u m i n g  p r o c e s s .
R e c e n t l y  t h e  s u c c e s s  a c h i e v e d  by  n e a r - i n f r a r e d  r e f l e c t a n c e  
/N IR /  s p e c t r o s c o p y  f o r  d e t e r m i n i n g  p r o t e i n  c o n t e n t  i n  a  w id e  
r a n g e  o f  p l a n t  m a t e r i a l s  s u g g e s t e d  r e s e a r c h  i n t o  i t s  a p p l i ­
c a t i o n  f o r  t h e  r a p i d ,  n o n - d e s t r u c t i v e  a n a l y s i s  o f  am ino a c i d s  
i n  l u p i n e .  T h i s  p r e s e n t a t i o n  i n t r o d u c e s  t h e  a p p l i c a t i o n  o f  
NIR t e c h n i q u e  f o r  t h e  e s t i m a t i o n  o f  t h e  c o n c e n t r a t i o n s  o f  17 
d i f f e r e n t  am ino  a c i d s  i n  l i p u n e .
Amino a c i d  c o m p o s i t i o n s  o f  t h e  l u p i n e  s a m p l e s  w ere  
p r o v i d e d  by I v á n  Koós a t  t h e  L a b o r  MIM. R e s u l t s  w e re  r e p o r t e d  
i n  m ass %. NIR s p e c t r a  o f  t h e  g r o u n d  l u p i n e  s a m p l e s  w ere  
o b t a i n e d  on  t h e  M odel 6450  R e s e a r c h  C o m p o s i t i o n  A n a l y z e r  
/ P a c i f i c  S d i e n t i f i c ,  USA/ a t  t h e  C e n t r a l  F ood  R e s e a r c h  I n s t i ­
t u t e ,  B u d a p e s t ,  H u n g a r y .  S p e c t r a  w e re  r e c o r d e d  a s  t h e  l o g  (1/R) 
a n d  t r a n s p o s e d  t o  t h e  2nd d e r i v a t i v e  o f  t h e  l o g  (1/R) s i g n a l  
f o r  a n a l y s i s .  O ptim um  w a v e l e n g t h  f o r  e s t i m a t e  o f  i n d i v i d u a l  
a m in o  a c i d s  w e r e  d e t e r m i n e d  by m u l t i p l e  l i n e a r  r e g r e s s i o n  
a n a l y s i s .
F a i r l y  lo w  s t a n d a r d  e r r o r s  o f  e s t i m a t e  a n d  h i g h  c o e f f i ­
c i e n t s  o f  c o r r e l a t i o n  w e re  o b t a i n e d  f o r  a l m o s t  a l l  am ino a c i d s . 
H ow ever ,  t h e  r e s u l t s  f o r  t h e  v e r y  i m p o r t a n t  " l i m i t i n g "  am ino  
a c i d  m e t h i o n i n e  w e r e  p o o r .  / C o e f f i c i e n t  o f  v a r i a b i l i t y  i s  
a b o u t  1 4 / .  T h i s  may b e  r e l a t e d  t o  t h e  i n h e r e n t  h i g h e r  e r r o r  
o f  m e t h i o n i n e  a n a l y s i s  by i o n - e x c h a n g e  c h r o m a t o g r a p h y  d u e  t o
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h y d r o l y s i s  l o s s e s .  The r e s u l t s  i n d i c a t e  t h a t  t h e  NIR t e c h n i q u e  
c a n  b e  u s e d  t o  e s t i m a t e  a m in o  a c i d  c o m p o s i t i o n  i n  l u p i n e  and  
p e r h a p s  i n  a  num ber  o f  o t h e r  m a t e r i a l s .
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SIGNIFICANCE OF WATER BINDING OF BIOLOGICAL SYSTEMS IN THE 
AGRICULTURE
J .  T i g y i ,  Gy. M a s s z i ,  S .  P ó c s i k
B i o p h y s i c a l  I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  H -7643  P é c s
The l a w s  o f  w a t e r  b i n d i n g  h a v e  b e e n  s t u d i e d  f o r  l o n g ,  and  
a  l o t  o f  k n o w le d g e  / c o n s i d e r e d  a s  c l a s s i c  o n e /  h e l p s  t o  s o l v e  
t h e  p r o b le m s  o f  d r o u g h t -  a n d  f r o s t - r e s i s t a n c e ,  a s  w e l l  a s  t o  
w o rk  on  g e n e t i c s  a n d  e u g e n i c s .  B a s i c  new f a c t s  h a v e  b e e n  
d i s c o v e r e d  a b o u t  t h e  s t r u c t u r e  o f  w a t e r  d u r i n g  t h e  l a s t  d e c a d e s ,  
a n d  i t  was d i s c l o s e d  m a i n l y  b y  t h e  a p p l i c a t i o n  o f  t h e  a r s e n a l  
o f  r a d i o s p e c t r o m e t r y  t h a t  t h e  w a t e r  c o n t e n t  o f  m o s t  o f  t h e  
l i v i n g  s y s t e m s  i s  d i s t r i b u t e d  among t h r e e  c o m p a r t m e n t s :
1 . / w a t e r  b o u n d  t o  s t r u c t u r e  2 . / t h e  v i c i n a l  w a t e r  3 . / t h e  b u l k  
w a t e r .  The a c t u a l  d i s t r i b u t i o n  o f  w a t e r  among t h e s e  t h r e e  
c o m p a r tm e n ts  i s  a  c h a r a c t e r i s t i c  p r o p e r t y  o f  e v e r y  b i o l o g i c a l  
s y s t e m  and i t s  m o d i f i c a t i o n  by  t e m p e r a t u r e ,  r a d i a t i o n s ,  pH, 
e t c .  c a n  r e s u l t  i n  p r o f o u n d  s t r u c t u r a l  c h a n g e s  i n  l i v i n g  
s y s t e m s .  We s h a l l  p r e s e n t  a  r e v i e w  o f  e x p e r i m e n t a l  t e c h n i c s ,  
t h e  r e s u l t s  f o u n d  i n  t h e  B i o p h y s i c a l  I n s t i t u t e  o f  t h e  M e d ic a l  
U n i v e r s i t y  o f  P é c s ,  t h e n  we d i s c u s s  t h e  f u t u r e  p e r s p e c t i v e s .
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TEMPERATURE SHOCK TO INDUCE POLYPLOIDY IN FISH 
Z. K r a s z n a i ,  T . M á r iá n
F i s h  C u l t u r e  R e s e a r c h  I n s t i t u t e ,  H -5 5 4 1  S z a r v a s
The p r e s e n c e  o f  p o l y p l o i d y  among f i s h e s  i s  f r e q u e n t l y  
o b s e r v e d .  T h u s ,  t h e r e  a r e  p o s s i b i l i t i e s  -  by t h e  m a n i p u l a t i o n  
o f  ch ro m o so m es  -  f o r  t h e  i n d u c t i o n  o f  d i f f e r e n t  p o l y p l o i d  
f o r m s .  The v i a b l e  n a t u r a l  o r  i n d u c e d  p o l y p l o i d s  w ould  b e a r  
some c h a r a c t e r s  i m p o r t a n t  f ro m  t h e  p r a c t i c a l  p o i n t  o f  v ie w ,  
t o o .  G y n o g e n e s i s  i s  a  s p e c i a l  o c c u r r e n c e  o f  p o l y p l o i d y .  F o r  
i n d u c t i o n  o f  p o l y p l o i d y ,  t e m p e r a t u r e  s h o c k  i s  commonly u s e d .
I n  t h e  F i s h  C u l t u r e  R e s e a r c h  I n s t i t u t e  , / S z a r v a s , H u n g a ry /  
m e th o d s  t o  i n d u c e  g y n o g e n e s i s ,  a s  w e l l  a s  f o r  p r o d u c t i o n  o f  
v i a b l e  t r i p l o i d s  h a v i n g  good  g r o w th  r a t e , was e l a b o r a t e d  a n d  
a p p l i e d  on  E u r o p e a n  c a t f i s h .  The m e th o d  o f  g y n o g e n e s i s  c o n ­
s i s t e d  o f  r a d i a t i o n  o f  t h e  sp e rm  w i t h  y-rays o f  Co6°  / 1 0 0 . 0 0 0  
r a d / .  T h i s  r a d i a t i o n  d e s t r o y s  t h e  h a p l o i d  g e n e t i c  m a t e r i a l ,  
t h e n  t h e  f e r t i l i z a t i o n  was c a r r i e d  o u t  by u s i n g  t h i s  s p e rm .
F i v e  m i n u t e s  a f t e r  t h e  f e r t i l i z a t i o n  t h e  f e r t i l i z e d  e g g s  
w e re  c o o l e d  down t o  +4 °C an d  k e p t  a t  t h i s  t e m p e r a t u r e  f o r  
30 m i n u t e s .  The h e a t  s h o c k  was n o t  s u c c e s s f u l  t o  i n d u c e  p o l y p l o i ­
d y .  The m e th o d  o f  t h e  p r o d u c t i o n  o f  t r i p l o i d  E u ro p e a n  c a t f i s h  
was s i m i l a r  t o  t h a t  o f  t h e  g y n o g e n e s i s  b u t  t h e  f e r t i l i z a t i o n  
was c a r r i e d  o u t  b y  u n r a d i a t e d ,  f r e s h  s p e r m .
I n  b o t h  c a s e s  t h e  p o l y p l o i d i z a t i o n  was i n d u c e d  b y  t h e  r e t e n t i o n  
o f  t h e  s e c o n d  p o l a r  b o d y .  T r i p l o i d y  h a s  b e e n  p r o v e d  by k a r y o l o -  
g i c a l  a n d  e r y t h r o c y t e  s i z e  a n a l y s e s .
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ESTIMATING LOW TEMPERATURE TOLERANCE OF PLANTS FROM CHANGES 
IN CHLOROPHYLL FLUORESCENCE
E .  L e h o c z k i ,  G. L a s k a y
B i o p h y s i c a l  I n s t i t u t e ,  J ó z s e f  A t t i l a  U n i v e r s i t y ,  H -6722  S z e g e d
The c h i l l i n g - s e n s i t i v i t y  o f  p l a n t s  h a s  b e e n  c o r r e l a t e d  
t o  t h e  p h y s i c a l  s t a t e  o f  c e l l u l a r  m e m b ra n e s .  The p h a s e  
t r a n s i t i o n  t e m p e r a t u r e  may b e  u s e f u l  a s  a  r a p i d  s c r e e n i n g  
m e th o d  f o r  e s t a b l i s h i n g  t h e  t o l e r a n c e  t o  low  t e m p e r a t u r e .  The 
i n d u c e d  p r o m p t  a n d  d e l a y e d  f l u o r e s c e n c e  e m i t t e d  by  t h e  c h l o r o ­
p h y l l  i n  v i v o  h a s  b e e n  u s e d  e x t e n s i v e l y  f o r  s t u d i e s  o f  p h o t o ­
s y n t h e s i s .  A l s o  i n  o u r  c a s e  t h e  f l u o r e s c e n c e  o f  c h l o r o p h y l l s  
i n  t h e  c h l o r o p l a s t  t h y l a k o i d  m em brane  seem ed t o  b e  a  s u i t a b l e  
t o o l  f o r  i n v e s t i g a t i n g  t h e  r e s p o n s e  o f  p l a n t s  t o  low  t e m p e r a ­
t u r e  s t r e s s .  T he  c h l o r o p h y l l s  p l a y  t h e  r o l e  o f  n a t u r a l l y  
o c c u r r i n g  i n t r i n s i c  f l u o r e s c e n t  p r o b e s .  I t  was show n t h a t  
b o t h  f l u o r e s c e n c e  i n d u c t i o n  k i n e t i c s  a n d  t h e  i n t e n s i t y  o f  
d e l a y e d  l u m i n e s c e n c e  o f  i n t a c t  l e a v e s  p r o v i d e  a  r a p i d  a n d  
s e n s i t i v e  m e th o d  f o r  d e t e c t i n g  t h e  low  t e m p e r a t u r e  a n d  
c h i l l i n g  t o l e r a n c e  o f  p l a n t s .
Acta Biochimica et Biophysica Academiae Scientiarum Hungaricae 20, 1985
55
RELATIONSHIP BETWEEN ELECTRIC CONDUCTIVITY VALUES AND SEED 
VIGOR IN PEAS / PISUM SATIVUM L . /
I .  N a g y \  J .  Nagy^
1 2 R e s e a r c h  C e n t r e  o f  S e e d  C om pany, N y i r e g y h a z a ,  U n i v e r s i t y  o f
A g r i c u l t u r a l  S c i e n c e s ,  H -4038  D e b re c e n
I n  a  s e r i e s  o f  e x p e r i m e n t s  s e e d  s a m p le s  o f  f i v e  p e a  
v a r i e t i e s  b r e d  a t  t h e  D e b r e c e n  A g r i c u l t u r a l  U n i v e r s i t y  w e r e  
s t u d i e d  f o r  c o r r e l a t i o n s  b e t w e e n  e l e c t r i c  c o n d u c t i v i t y  o f  t h e  
s o a k i n g  w a t e r  a n d  g e r m i n a t i o n .  I n  t h e  c a s e  o f  f o u r  v a r i e t i e s  
s e e d  s a m p l e s  f ro m  t h r e e  c r o p y e a r s ,  i n  t h e  r e m a i n i n g  o n e  v a r i e t y  
s a m p le s  f r o m  n i n e  c r o p y e a r s  w e r e  i n v e s t i g a t e d  f o r  c o r r e l a t i o n s  
b e t w e e n  e l e c t r i c  c o n d u c t i v i t y  a n d  g e r m i n a t i o n  p e r c e n t a g e ,  
s e e d l i n g s  r a w  w e i g h t  and  l e n g t h .
I n  a d d i t i o n  a  sm oo th  a n d  a  w r i n k l e d  s e e d  v a r i e t y  w e re  
s u b j e c t e d  t o  a r t i f i c i a l  a g e i n g .
The " e l e c t r i c  s e e d  v i g o r "  t e s t  v a l u e  e x p r e s s e d  i n  u S / g  
p r o v i d e s  r e l i a b l e  i n f o r m a t i o n  o n  s e e d  v i a b i l i t y  o n l y  i n  t h e  
c a s e  o f  h o m o g e n e o u s  s e e d  l o t s .  E n v i r o n m e n t a l  c o n d i t i o n s  d u r i n g  
h a r v e s t  a n d  s t o r a g e ,  s t a t e  o f  h e a l t h  and  e s p e c i a l l y  g e n e t i c  
c o n s t i t u t i o n  may c o n s i d e r a b l y  m o d i f y  t h e  m e a s u r e d  c o n d u c t i v i t y  
v a l u e .  M a r r o w f a t  p e a s  d u e  t o  t h e i r  l o o s e r  t e x t u r e  show a h i g h e r  
c o n d u c t i v i t y  v a l u e  t h a n  t h e  s m o o t h - c o a t  r o u n d  s e e d e d  p e a s .
W ith  t h e  a d v a n c e  o f  n a t u r a l  a s  w e l l  a s  a r t i f i c i a l  a g e i n g  t h e  
c o n d u c t i v i t y  v a l u e  i n c r e a s e s  i n  c l o s e  c o r r e l a t i o n  w i t h  a 
d e c r e a s e  i n  g e r m i n a t i o n  p e r c e n t a g e  a n d  a v e r a g e  s e e d l i n g  w e i g h t .  
W i t h i n  t h e  d i f f e r e n t  v a r i e t i e s  s e e d  s p e c im e n s  show c o n s i d e r a b l e  
v a r i a b i l i t y  b o t h  i n  c o n d u c t i v i t y  a n d  s e e d l i n g  s i z e .  S i g n i f i c a n t  
c o r r e l a t i o n  b e t w e e n  c o n d u c t i v i t y  o f  s e e d  s p e c im e n s  an d  s e e d l i n g  
w e i g h t  and  l e n g t h ,  r e s p e c t i v e l y ,  was n o t  i n  e a c h  c a s e  dem on­
s t r a b l e  .
O ur  i n v e s t i g a t i o n s  show ed  t h a t  t h e  e l e c t r i c  c o n d u c t i v i t y  
may s u p p l y  g o o d  i n f o r m a t i o n  o n  t h e  s t a t e  o f  t h e  t i s s u e s .  T h i s ,  
h o w e v e r ,  s h o u l d  b e  c o m p le t e d  w i t h  o t h e r  v a r i a b i l i t y  t e s t s  t o  
o b t a i n  p r e l i m i n a r y  i n f o r m a t i o n  o n  t h e  f i e l d  b e h a v i o u r  o f  t h e  
s e e d  s a m p l e s .
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To s e l e c t  a n d  c l a s s i f y  t h e  s e e d  s p e c im e n s  q u i c k l y ,  
a c c o r d i n g  t o  t h e i r  i n d i v i d u a l  r e l a t i v e  e l e c t r i c  c o n d u c t i v i t y ,  
l a s t  y e a r  a  new m e a s u r i n g  a p p a r a t u s  w as d e v e l o p e d .
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THE Ca-ACTIVATED PHOSPHORYLATION SYSTEM IN WHEAT CELL 
Z. O l á h ,  L . E r d e i
I n s t i t u t e  o f  B i o p h y s i c s ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -6701  S z e g e d
The p r o t e i n - b o u n d  p h o s p h a t e  t u r n o v e r  i s  c a t a l y z e d  b y  p r o ­
t e i n  k i n a s e s  / р к /  a n d  p r o t e i n  p h o s p h a t a s e s  / p f / . The p h o s p h o ­
r y l a t i o n  o f  an  enzym e o f t e n  c a u s e s  a  d r a m a t i c  c h a n g e  i n  
f o r  a  s u b s t r a t e .  P h o s p h o r y l a t i o n - d e p h o s p h o r y l a t i o n  s h o u l d  
t h e r e f o r e  b e  r e g a r d e d  a s  a  m e c h a n is m  f o r  s w i t c h i n g  a n  enzym e 
b e tw e e n  two f o r m s . Among t h e  p k - s  t h e  C a - a c t i v a t e d  k i n a s e  i s  
r e s p o n s i b l e  f o r  t h e  p h o s p h o r y l a t i o n  o f  p l a n t  e n d o g e n o u s  p r o ­
t e i n s  i n  m em branes a n d  i n  s o l u b l e  f r a c t i o n s  w h o se  i d e n t i t y  
a n d  f u n c t i o n  a r e  n o t  y e t  know n.
Our a im  was t o  p u r i f y  t h e  C a - a c t i v a t e d  pk a n d  t o  f i n d  i t s  
t a r g e t s  w h ic h  a r e  s u p p o s e d  t o  b e  i n v o l v e d  i n  c e l l u l a r  m e t a b ­
o l i s m .
T i s s u e  c u l t u r e d  w h e a t  c e l l s  w e re  f r a c t i o n a t e d  b y  c e n t r i ­
f u g a t i o n  t o  o b t a i n  m em brane a n d  s o l u b l e  p r o t e i n s . T h i s  l a t t e r  
f r a c t i o n  was f u r t h e r ,  p u r i f i e d  o n  DEAE c e l l u l o s e  c o lu m n .  The 
C a - a c t i v a t e d  pk was p r e s e n t  b o t h  i n  membrane a n d  s o l u b l e  p r e ­
p a r a t i o n s .  The Ca i n  100  дМ c o n c e n t r a t i o n  m a x im a l ly  s t i m u l a t e d  
pk a c t i v i t y  i n  t h e  p r e s e n c e  o f  5 mM Mg. EGTA i n h i b i t e d  C a - d e -  
p e n d e n t  a c t i v i t y  s h o w in g  Ca t o  b e  e s s e n t i a l  f o r  t h e  p k .  EDTA
a d d e d  i n  10  mM c o n c e n t r a t i o n  a f t e r  15 m in p r e i n c u b a t i o n  d e -  
32c r e a s e d  t h e  i n c o r p o r a t e d  i n t o  p r o t e i n s  v i a  b l o c k i n g  t h e
p h o s p h o r y l a t i o n  b u t  n o t  t h e  d e p h o s p h o r y l a t i o n .  The s t a t u s  o f  
t h e  d i f f e r e n t  p h o s p h o p r o t e i n s  w as d e t e c t e d  by 2-D PAGE a n d  
a u t o r a d i o g r a p h y .
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THE ELECTROSTATIC TREATMENT OF POTATO SEEDS
- 1 2B. F e h e r  , J .  Nagy
■'‘H o r t i c u l t u r a l  C o l l e g e  o f  t h e  U n i v e r s i t y  o f  H o r t i c u l t u r e ,  H -6 0 0 0  
K e c s k e m é t ,  A g r i c u l t u r a l  U n i v e r s i t y ,  H -4038  D e b r e c e n
We h a v e  e x a m in e d  t h e  e f f e c t  o f  e l e c t r o s t a t i c  t r e a t m e n t  on
t h e  s e e d  t u b e r  i n  o r d e r  t o  know t h e  e x t e n t  o f  i t s  i n f l u e n c e  on
t h e  a c c u m u l a t i o n  o f  p o t a t o  t u b e r s ,  t h e  g r o w th  o f  s t e m s ,  t h e
n um ber  o f  s e e d s  a n d  t h e  m a s s ,  a s  w e l l ,  a s  o n  t h e  i n t e r n a l
c o n t e n t  o f  t h e  c r o p .  We t r e a t e d  t h e  p o t a t o e s  w i t h  a n  e l e c t r i c
f i e l d  i n t e n s i t y  o f  E * 1 .6 7  • 10^ — o r  1 .8 2  * 10^ 1 -2  d a y sm m
b e f o r e  s o w in g .
We d i d  o u r  e x p e r i m e n t s  i n  t h e  o p e n  a i r ,  f o u r  t i m e s  
r e p e a t e d ,  i n  b l o c k s  w i t h  2 -4  s p e c i e s  d i s p o s e d  r a n d o m ly .  We 
e v a l u a t e d  t h e  r e s u l t s  w i t h  m a t h e m a t i c a l  m e t h o d s .
R e s u l t s :  I n  t h e  c a s e s  o f  t h e  D e s i r e  a n d  Som ogyi r o l l  s e e d s  
t h e  30 m in  a n d  t h e  60  m in  t r e a t m e n t s ,  r e s p e c t i v e l y ,  w e re  t h e  
m o s t  e f f e c t i v e  f o r  t h e  s e e d  a c c u m u l a t i o n  i n t e n s i t i e s  i n  t h e  
f i r s t  y e a r .  I n  t h e  f i r s t  p e r i o d  o f  e a c h  t r e a t m e n t ,  i n  t h e  
g e n e r a l  l o n g i t u d i n a l  i n c r e a s e  o f  t h e  p o t a t o  s t e m s ,  i t  was 
p o s s i b l e  t o  show  t h e  s t i m u l a t i n g  e f f e c t .  I n  t h e  c a s e  o f  t h e  
D e s i r e  t h e  n u m b e r  o f  l e a v e s  on  t h e  s t e m s  i n c r e a s e d  / 0 . 6 - 1  
p i e c e s / s t e m / . The a v e r a g e  y i e l d  o f  t h e  D e s i r e  was 3 . 9 - 8 . 5  % 
b e t t e r  t h a n  t h e  c o n t r o l  i n  t h e  f i r s t  y e a r .  The r e s u l t s  o f  t h e  
f i r s t  y e a r  w e r e  j u s t i f i e d  by t h e  e x p e r i m e n t s  o f  t h e  s e c o n d  a n d  
t h e  t h i r d  y e a r .  A c c o r d i n g  t o  t h e  s p e c i e s ,  t h e  i n c r e a s e  o f  t h e  
y i e l d  c h a n g e d  b e t w e e n  2 -3 3  %, w h ic h  m e n t  some 0 . 4 - 6 . 8  t  s u r p l u s  
f o r  a h e c t a r e .  T he  d r y  m a t e r i a l  c o n t e n t  o f  t h e  s e e d s  d e c r e a s e d  
w i t h  1 . 1 - 2 . 1  %, t h e  g r o s s  p r o t e i n  r e f e r r i n g  t o  d r y  m a t e r i a l  
i n c r e a s e d  0 . 3 1 - 0 . 5 8  %, a s  c o m p a re d  t o  t h e  c o n t r o l s .  
C o n s e q u e n c e s :  By t h e  r e s u l t s  o f  m e a s u r e m e n t s  i t  i s  o b s e r v a b l e  
t h a t  t h e  e l e c t r o s t a t i c  t r e a t m e n t  i n f l u e n c e d  t h e  g ro w th  o f  v e g e -  
g a t i v e  p a r t s ,  t h e  num ber  o f  s e e d s  o n  p a r c e l s ,  t h e  m ass o f  t h e  
y i e l d ,  a n d  t h e  c o n t e n t  o f  g r o s s  p r o t e i n  p o s i t i v e l y .
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SOME NEW ASPECTS OF THE CORRELATION OF BIOCHEMICAL CONTENT: 
CHARGE RELATION IN THE BIOLOGY OF REPRODUCTION /SPERMATOZOA, 
EGGS AND EMBRYOS/
I .  V e re s
C e n t r a l  L a b o r a t o r y ,  A g r i c u l t u r a l  U n i v e r s i t y ,  H -2100  G ö d ö l lő
An e l e c t r o n m i c r o s c o p i c a l  /ТЕМ, SEM/ s e m i - q u a n t i t a t i v e  
l a b e l  t e c h n i q u e  f o r  m e a s u r i n g  t h e  d i s p e r s i o n  o f  s u r f a c e  
c h a r g e s  o n  m o l e c u l a r  l e v e l  / 1 /  h a s  a l r e a d y  b e e n  d e v e l o p e d  b y  
t h e  a u t h o r .
A c t u a l l y ,  t h e  s u r f a c e  c h a r g e  was s t u d i e d  a n d  i t s  c h a n g e s  
u s i n g  f r e s h ,  d e e p  f r o z e n ,  a n d  a c ro s o m e  r e a c t e d  s p e r m a t o z o a  o f  
man, m o u se ,  b u l l ,  b o a r ,  w i l d  b o a r ,  r a b b i t  d e e r ,  r o e - d e e r ,  
r o o s t e r ,  g o o s e ,  t u r k e y ,  f i s h e s ,  r e s p e c t i v e l y ,  a  n o t  a l s e  e g g s  
a n d  e m b r y o s .  The f r e e  a n i o n i c  s i t e s ,  i . e .  t h e  d i s s o c i a t e d  
t e r m i n a l  c a r b o x y l  g r o u p s  o f  s i a l i c  a c i d ,  a r e  m e a s u r a b l e  o n  t h e  
w h o le  s u r f a c e  o f  t h e  p l a s m a  m em branes  o f  t h e  o b j e c t s  s t u d i e d .
The d e n s i t y  o f  t h e  c o u lo m b ic  f o r c e s  i s ,  h o w e v e r ,  v e r y  low  o n  
t h e  h e a d s  o f  f i s h  s p e r m a t o z o a ,  a  h i g h  d e n s i t y  c a n  be  shown a t  
t h e  m i d d l e - ,  p r i n c i p a l - ,  a n d  e s p e c i a l l y  a t  t h e  e n d - p i e c e  o f  t h e  
s p e r m a t o z o a  o f  a l l  s p e c i e s  a n d  a t  t h e  p e r f o r a t o r i u m  i n  t h e  
c a s e  o f  b u l l  a n d  d e e r .  On t h e  s u r f a c e  o f  e g g s  a n d  em bryos  t h e r e  
i s  a ra n d o m  d i s t r i b u t i o n  o f  t h e  n e g a t i v e  c h a r g e s .
A crosom e  r e a c t e d  s p e r m a t o z o a  c e l l s  l o s t  p l a s m a -  a n d  o u t e r  
a c ro s o m e -m e m b ra n e s  / G a l e a  c a p i t i s / .  They sh o w , a t  t h e  same t i m e ,  
n e g a t i v e  a n d  p o s i t i v e  c h a r g e s ;  a t  t h e  a c r o s o m e  r e g i o n ,  h o w e v e r ,  
t h e  d e n s i t y  o f  t h e  n e g a t i v e  c h a r g e  h o l d e r s  i s  h i g h e r .
The s u r f a c e  o f  t i s s u e s  o f  t h e  e p i d i d v m i c  a s  c o m p a re d  w i t h  
t h a t  o f  t h e  u t e r u s  a l s o  p r o v e d  t o  b e  n e g a t i v e .
The i n t e r p r e t a t i o n  o f  t h e  f i n d i n g s  show  t h e  i n c r e a s i n g  
r o l e  o f  t h e  s t u d y  o f  d i f f e r e n t  c h a r g e s  i n  b i o l o g y .
/ 1 /  V e r e s ,  I . :  E l e c t r o n o p t i c a l  M e a s u re m e n t  o f  S u r f a c e  C h a r g e s .
I n :  H a y a t :  P r i n c i p l e s  and  T e c h n i q u e s  o f  E l e c t r o n  M ic r o s c o p y
V o l . 9 .  C h a p t e r  8 .  p .  2 6 2 - 2 9 9 .  Van N o s t r a n d  R e i n h o l d
Comp. New Y o rk ,  e t c .  1 9 7 8 .
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INCREASING THE EFFICIENCY OF SEED DRESSING AGENTS USING 
ULTRASOUND IN THE CASE OF SUNFLOWERS INFECTED WITH PERONOSPORA
J .  Nagy"*", J .  R a t k o s ^ ,  P .  S a l l a y ^
^ P h y s i c a l  I n s t i t u t e ,  A g r i c u l t u r a l  U n i v e r s i t y ,  H -4038  D e b re c e n  
R e s e a r c h  C e n t r e  o f  S e e d  Company, N y í r e g y h á z a ,  J P l a n t  P r o ­
t e c t i o n  S t a t i o n ,  N y í r e g y h á z a
The e f f e c t  o f  u l t r a s o u n d  t o  i n c r e a s e  p e r m e a b i l i t y  a n d  
d i f f u s i o n  w as a p p l i e d  f o r  t h e  i n t r o d u c t i o n  o f  15 k i n d s  o f  
d r e s s i n g s  a s  w e l l  a s  p l a n t  p r o t e c t i n g  a g e n t s  i n t o  t h e  a c h e n iu m  
a n d  s e e d  o f  t h e  s u n f l o w e r  v a r i e t y  GK-70. T h en ,  i n  t h e i r  e a r l y  
l e a v e d  a g e ,  i n  o u r  f i r s t  i n v e s t i g a t i o n ,  t h e  s p o t t e d  germ  
p l a n t s  w e re  i n f e c t e d  w i t h  p e r o n o s p o r a .
Our r e s u l t s  i n d i c a t e  t h a t ,  u s i n g  u l t r a s o u n d  t o  i n t r o d u c e  
t h e  d r e s s i n g  a g e n t s  a t  a c o n c e n t r a t i o n  o f  0 . 1 - 0 . 2  % c o n t a i n i n g  
m e t a l a x i l  Cu, Zn a n d  Benom yl / R i d o m i l  50 WP, R id o m i l  P l u s ,  
C u p r o s a n  SD, C u r s a t e  CZ, F u n d a s o l / ,  a p p e a r  t o  b e  a b l e  t o  e n s u r e  
q u i t e  s a t i s f a c t o r y  p r o t e c t i o n  f o r  t h e  p l a n t s  i n  f i e l d  e x p e r i ­
m e n t s ,  d e s p i t e  t h e  s e r i o u s  i n f e c t i o n .  We h a v e  s i m i l a r  r e s u l t s  
u s i n g  u l t r a s o n i c  d r e s s i n g  o f  s u n f l o w e r  i n f e c t e d  a r t i f i c i a l l y  
o r  n a t u r a l l y  b y  P l a s m o p a r a  h a l s t e d i i  and  S c l e r o t i n i a  s c l e r o t i o ­
rum .
The o p t im u m  d o s e  o f  u l t r a s o u n d  d e t e r m i n e d  o n  t h e  b a s i s  
o f  g e r m i n a t i v  f e a t u r e s ,  a n d  a p p l i e d  a t  a f r e q u e n c y  o f  2 1 .5  K c / s  
a n d  d u r a t i o n  5 m i n u t e s  e x e r t e d  a  s i m i l a r l y  f a v o u r a b l e  i n f l u e n c e  
o n  t h e  v i g o u r  v a l u e  a n d  g e r m i n a t i o n  o f  t h e  s e e d  g r a i n  a n d  t h e  
d e v e lo p m e n t  o f  s e e d l i n g s .
The a p p l i e d  U S - d r e s s i n g  may h e l p  t h e  p l a n t  p r o t e c t i o n  
t e c h n o l o g y  i n  i n c r e a s i n g  t h e  im m u n i ty  o f  p l a n t s  a n d  i s  a l s o  
s u i t a b l e  f o r  c o m p a r i s o n  t e s t s  o f  e f f i c i e n c y  o f  d r e s s i n g  
a g e n t s .
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SEVERAL RESULTS OF USING ULTRASONIC SEED TREATMENTS IN 
AGRICULTURAL RESEARCH AND PRACTICE
J . Nagy
A g r i c u l t u r a l  U n i v e r s i t y ,  H -4038 D e b re c e n
I n  t h e  l a s t  d e c a d e s  many p u b l i c a t i o n s  h a v e  d e a l t  w i t h  
t h e  p o s s i b i l i t i e s  o f  s t i m u l a t i n g  p l a n t  s e e d s ,  o r  g ro w in g  
p l a n t s  i n  t h e i r  g e r m i n a t i o n ,  d e v e lo p m e n t  a n d ,  e v e n t u a l l y ,  i n  
t h e i r  y i e l d ,  by t r e a t m e n t s  w i t h  p h y s i c a l  m e th o d s  e . g .  u l t r a ­
s o n i c  i r r a d i a t i o n  by  8 0 0 - 1 0 0 0  K c / s  g e n e r a t o r s  o r i g i n a l l y  u s e d  
f o r  m e d i c a l  t r e a t m e n t s .  A new p o s s i b i l i t y  w as t h e  d e v e lo p m e n t  
o f  h i g h e r  p o w e r  2 0 -4 0  K c / s  i n d u s t r i a l  U S - g e n e r a t o r s  o f  l a r g e r  
i r r a d i a t i o n  v o lu m e  f o r  s e e d s .
O ur e x p e r i m e n t s  f o r  s t i m u l a t i o n  s e v e r a l  s e e d  c o r n  s p e c i e á  
w e r e  d o n e  b y  KLN " U l t r a s c h a l l  L a b o r g e r ä t "  w i t h  a  c o n s t a n t  
f r e q u e n c y  o f  2 1 .5  K c / s  a n d  i n  a  u l t r a s o n i c  i r r a d i a t i o n  t a n k  
o f  4 l i t e r  v o lu m e .  The i n c r e a s e d  p e r m e a b i l i t y  o f  s e e d s  u n d e r  
s o n i c a t i o n  d e s c r i b e d  i n  l i t e r a t u r e  was u s e d  f o r  t h e  i n p u t  o f  
s e v e r a l  m i c r o e l e m e n t s  a n d  i n  f u r t h e r  e x p e r i m e n t s  s e e d  d r e s s i n g  
c h e m i c a l s , t o o .
As a n  e f f e c t  o f  i r r a d i a t i o n  i n  m i c r o e l e m e n t  s o l u t i o n  a t  
o p t i m a l  d u r a t i o n  a n d  i n t e n s i t y  o f  s o n i c a t i o n  a  s i g n i f i c a n t  
i n c r e a s e  w as f o u n d  i n  g e r m i n a t i o n ,  g r o w i n g ,  a n d  y i e l d  e . g .  
m a iz e  / 4 - 1 5  %/ a n d  r a d i s h  / 1 0 - 3 0  % /, e t c .  T h e r e  a r e  good 
r e s u l t s  i n  b r e a k i n g  d o rm a n c y  o f  s e v e r a l  v a r i e t y  o f  h a r d  
s e e d s  by  s o n i c a t i o n .  /R e d  a n d  w h i t e  c l o v e r ,  a l f a a l f a ,  e t c .  
b e l o n g i n g  t o  l e g u m in o u s  f o d d e r  c r o p s . /
U l t r a s o n i c  s e e d  d r e s s i n g  u s i n g  s o l u t i o n  o f  m o s t  c o n v e n i e n t  
c h e m i c a l s  r e s u l t e d  i n  b e t t e r  p r o t e c t i o n  a n d  d e v e lo p m e n t  o f  
s e e d l i n g s  a n d  p l a n t s  f o r  e x a m p le  i n  s u n f l o w e r ,  b e a n ,  a n d  r i c e  
i n f e c t e d  by  m i ld e w ,  f u s a r i u m ,  n e m a to d e  worm e t c .
T h e s e  t e c h n i q u e s  c o u l d  a l r e a d y  b e  u s e d  e s p e c i a l l y  f o r  
d r e s s i n g  v a l u a b l e  s e e d s  o f  s m a l l e r  q u a n t i t i e s ,  f o r  s t i m u l a t i n g  
h o r t i c u l t u r a l  s e e d s  a n d  f o r  f a c i l i t a t i n g  g e r m i n a t i o n  by 
s o f t e n i n g  h a r d  s h e l l s  i n  t h e  p r a c t i c e .
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EFFECT OF ULTRASONIC SEED TREATMENTS ON SOME PAPILIONACEAE 
VARIETIES WITH A HIGH HARD SEED CONTENT
1 2M. T a k á c s  , J .  Nagy
1 2 T o b a c c o  R e s e a r c h  I n s t i t u t e ,  H -4029  D e b r e c e n ,  A g r i c u l t u r a l
U n i v e r s i t y ,  H -4001  D e b r e c e n
I n  s e e d  l o t s  o f  l e g u m in o u s  f o d d e r  c r o p s  t h e  o c c u r r a n c e  o f  
h a r d c o a t e d  s e e d s  i s  f r e q u e n t .
F o r  r e d u c i n g  s e e d  h a r d n e s s  s e v e r a l  m e th o d s  h a v e  b e e n  
w o r k e d  o u t ,  b u t  t h e  p r a c t i c a l  r e a l i z a t i o n  o f  m o s t  o f  th e m  i s  
d i f f i c u l t  and  t h e i r  r e s u l t s  a r e  n o t  a lw a y s  s a t i s f a c t o r y .
C o m p a r a t iv e  a n a l y s i s  o f  t r a d i t i o n a l  s e e d  t r e a t m e n t  p r o c è s  
s e s  a n d  u l t r a s o n i c  t r e a t m e n t s  h a v e  b e e n  c a r r i e d  o u t  f o r  t h e  d e  
t e r m i n a t i o n  o f  m e th o d s  t h a t  c a n  w i t h  good r e s u l t s  b e  a p p l i e d  
a t  t h e  s e e d s  o f  v a r i e t i e s  o f  l e g u m i n o u s  f o d d e r  c r o p s  f o r  
r e d u c i n g  s e e d  h a r d n e s s .
I n  t h e  a u t h o r s '  e x p e r i m e n t  i t  was i n v e s t i g a t e d  by w h a t  
p a r a m e t e r s  o f  u l t r a s o n i c  t r e a t m e n t  c a n  t h e  g e r m i n a t i n g  c h a r a c ­
t e r i s t i c s  b e  m o s t  f a v o u r a b l y  m o d i f i e d ,  t h e  s e e d  h a r d n e s s  be  
r e s o l v e d ,  a n d  how -  i n  g r e e n h o u s e  c o n d i t i o n s  -  i t s  e f f e c t  
a p p e a r s  i n  p l a n t  e m e r g e n c e .
I n  s m a l l  p l o t  e x p e r i m e n t  we i n v e s t i g a t e d  t h e  e f f e c t  o f  
u l t r a s o n i c  s e e d  t r e a t m e n t s  o n  g r o w th  v i g o u r ,  f l o w e r  a n d  f r u i t  
f o r m a t i o n  i n  r e d  c l o v e r .
I n  t h e  c o m p a r a t i v e  e x p e r i m e n t  t h e  u l t r a s o n i c  t r e a t m e n t  
p r o v e d  t o  be  t h e  m o s t  f a v o u r a b l e ,  i t  i s  s i m p l e  a n d  f a s t  t o  
im p le m e n t  and  t h e r e  i s  no i n j u r y  o f  g e rm s .
W ith  t h e  r e s o l v i n g  o f  s e e d  h a r d n e s s  t h e  g e r m i n a t i n g  pow er 
a n d  t h e  g e r m i n a t i o n  s p e e d  i n c r e a s e d .
E m ergence  r a t e  o f  l o t s  t r e a t e d  w i t h  u l t r a s o u n d  i n c r e a s e d  
w i t h  t h e  im p ro v e m e n t  o f  g e r m i n a t i o n ,  t h e  g erm s g row n  f ro m  
t r e a t e d  l o t s  w e r e  m ore  v i g o r o u s .
A p p e a ra n c e  o f  f o l i a g e  l e a v e s ,  t h e  o n s e t  o f  f l o w e r i n g , i n ­
f l o r e s c e n c e  n u m b e r  by p l a n t ,  t h e  p l a n t  n u m b e r ' s  c l o s e n e s s  a t  
h a r v e s t  and t h e  s e e d  y i e l d  p e r  p l a n t  w e re  m ore  f a v o u r a b l e  i n  
t h e  s t a n d  d e v e l o p e d  f ro m  t r e a t e d  s e e d s , t h a n  i n  t h e  u n t r e a t e d  
o n e s .
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CORRELATION BETWEEN PHYSICAL AND BIOLOGICAL PROPERTIES OF 
MAIZE /ZEA MAYS L : / SEEDS
G. B a r l a - S z a b ó ,  S .  Z á b o r s z k y
A g r i c u l t u r a l  R e s e a r c h  I n s t i t u t e  o f  t h e  H u n g a r i a n  Academy o f  
S c i e n c e s ,  H -2462  M a r t o n v á s á r
S e e d  p h y s i c a l  p r o p e r t i e s  p l a y  a n  i m p o r t a n t  r o l e  i n  s e e d  
p r o c e s s i n g .  T h e r e  i s  a w o r ld w id e  s c i e n t i f i c  r e s e a r c h  f o r  new 
p h y s i c a l  m a r k e r s  g i v i n g  m ore i n f o r m a t i o n  a b o u t  i n s i d e  s t r u c ­
t u r e  o f  s e e d s .  Such  m a r k e r s  w o u ld  h e l p  t o  im p ro v e  t h e  e f f i c i ­
en cy  o f  s e e d  p r o c e s s i n g  a n d  d e t e r m i n a t i o n  o f  b i o l o g i c a l  v a l u e .
I n  r e c e n t  s t u d i e s  some p h y s i c a l  c h a r a c t e r i s t i c s  o f  m a iz e  
s e e d s  w e r e  t e s t e d  a n d  c o m p a re d  t o  v i a b i l i t y  a n d  v i g o u r  v a l u e s .  
P h y s i c a l  t e s t s :  e v a l u a t i o n  o f  d e n s i t y ,  e l e c t r i c a l  c o n d u c t i v i t y ,  
v i b r a t i o n  / a u d i b l e  r a n g e / .
B i o l o g i c a l ,  t e s t s :  e v a l u a t i o n  o f  g e r m i n a t i o n ,  c o l d  t e s t ,  com p­
l e x  s t r e s s i n g  m e th o d  / S z i r t e s - B a r l a / .
The r e s u l t s  s u g g e s t  t h a t  t h e  s e e d  d e n s i t y ,  due  t o  t h e  p r o ­
p o r t i o n  o f  c o m p o n e n t s  o f  m a t e r i a l s  a n d  s t r u c t u r e ,  i s  i n  c l o s e  
c o r r e l a t i o n  w i t h  v i a b i l i t y  a n d  v i g o u r .
The e l e c t r i c  c o n d u c t i v i t y  / m e a s u r e d  by  ASA 6 1 0 /  g i v e s  
i n f o r m a t i o n  a b o u t  membrane i n t e g r i t y .  A c c u r a c y  o f  m e a s u r e m e n t  
d e p e n d s  o n  t h e  s i z e  and  w e i g h t  o f  s e e d s  t e s t e d .  B i g g e r  s e e d s  
d i f f u s e  m o re  i o n s  a f f e c t i n g  e l e c t r i c  c o n d u c t i v i t y .
V i b r a t i o n  o f  a u d i b l e  r a n g e  was a n a l y z e d  by AGROPROCESSOR 
V I .  i n s t r u m e n t  b a s e d  on  q u i c k - F o u r i e r  t r a n s f o r m a t i o n .  A n a l y ­
s i s  o f  v i b r a t i o n  g i v e s  a  p o s s i b i l i t y  f o r  m ore  r a p i d  c o m p o n e n t  
q u a l i t y  a n d  s e e d  v i a b i l i t y  t e s t s .
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INTERNAL GAS COMPOSITION OF THE WHEAT STALK AND ITS POSSIBLE 
CONNECTION WITH YIELD AND ADAPTABILITY
1 1 2 2 - 2F .  S á g i  , 2L . M ó z s ik  , B. S c h l e n k  , P . P . B o r n e m i s s z a  , M.C s a t l ó s  ,
G. L a n g e r '“2
1 2 C e r a a l  R e s e a r c h  I n s t i t u t e ,  H -6 1 0 1  S z e g e d ,  I n s t i t u t e  o f  N u c l e a r
R e s e a r c h  o f  t h e  H u n g a r i a n  Academy o f  S c i e n c e s ,  H -4001  D e b r e c e n
U s in g  a  b u i l t - i n  a n d  i n s u l a t e d  g a s  s a m p l i n g  c a p i l l a r y  
c o v e r e d  w i t h  a  s i l i c o n e  m em brane a n d  c o n n e c t e d  t o  a  q u a d r u p o l e  
m ass  s p e c t r o m e t e r ,  i n t e r n a l  g a s  c o m p o s i t i o n  o f  t h e  w h e a t  s t a l k  
a n d  i t s  c h a n g e  was c o n t i n u o u s l y  m e a s u r e d  i n  v i v o .  As c o m p a re d  
t o  t h e  a m b i e n t  a i r ,  t h e  w h e a t  s t a l k  c o n t a i n s  s i g n i f i c a n t l y  
m ore  C02 a n d  H20 / w a t e r  v a p o u r /  a n d  som ew hat l e s s  0 2 a n d  N,,.
The i n t e r n a l  g a s  c o m p o s i t i o n  c h a n g e s  w i t h  t h e  a g e  o f  t h e  
e x p e r i m e n t a l  p l a n t .  Maximum CC>2 - v a l u e s  o f  1 t o  2 v o l . % a r e  
r e a c h e d  a b o u t  o n e  week a f t e r  a n t h e s i s  a t  a  v a l u e  o f  0 . 0 5  v o l .
% i n  t h e  l a b  a t m o s p h e r e .  V a r i o u s  p h y s i c a l  e f f e c t s  e x e r t i n g  t h e  
w h o le  p l a n t  o r  i t s  p a r t s  / l e a v e s ,  r o o t s /  a l s o  m o d i f y  t h e  s t a l k  
a t m o s p h e r e .  U n d e r  i l l u m i n a t i o n  / 3 0 0 0  l u x / ,  C02~ l e v e l  i n  t h e  
h o l l o w  s t a l k  d e c r e a s e s ,  w h i l e  t h e  0 2~ l e v e l  i n c r e a s e s  a f t e r  a  
s h o r t  l a g - p h a s e .  S u b s e q u e n t  d a r k n e s s  r e s u l t s  i n  a n  o p p o s i t e  
c h a n g e .  By c o o l i n g  some l e a v e s  o r  m o i s t e n i n g  th e m  w i t h  a 
h e r b i c i d e  / i . e .  G ram oxone / s o l u t i o n ,  s p e c i f i c ,  s t e p w i s e  
r e a c t i o n s  c a n  b e  i n d u c e d  w i t h  a  c h a r a c t e r i s t i c  i n c r e a s e  o f  
t h e  C02 : 0 2 r a t i o  i n  t h e  en d  p h a s e .  I n  w a t e r - s t r e s s e d  p l a n t s ,  
C02- c o n c e n t r a t i o n  o f  t h e  s t a l k  c a v i t y  d e c r e a s e s .  C o n s e q u e n t l y ,  
i n t e r n a l  g a s  a t m o s p h e r e  o f  t h e  w h e a t  s t a l k  i s  n o t  a n  e n g u l f e d  
p a r t  o f  t h e  o u t e r  a t m o s p h e r e  a c t i n g  s t a t i c a l l y  a g a i n s t  
l o d g i n g ,  b u t  a n  e n v i r o n m e n t - s e n s i t i v e ,  dynam ic  s y s t e m ,  b o t h  
d e p e n d i n g  o n  a n d  i n f l u e n c i n g  p h o t o s y n t h e s i s  a n d  r e s p i r a t i o n .
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STUDY OF TRANSPORT PROCESSES IN SOILS AND PLANTS BY 
MICRORADIOGRAPHIC AND RADIOABSORPTION METHODS
1 1 2  T. V a r r ó  , J .  G e l e n c s é r  , Gy. Som ogyi
1 2 K o s s u t h  L a j o s  U n i v e r s i t y ,  H -4 0 1 0  D e b r e c e n ,  I n s t i t u t e  o f
N u c l e a r  R e s e a r c h ,  H u n g a r i a n  Academy o f  S c i e n c e s ,  H -4001
D e b r e c e n
The c o n c e n t r a t i o n  p r o f i l e s  o f  l e a d  a n d  b o r o n  i s  c a r r o t
r o o t  a n d  p o t a t o  t u b e r  w e re  d e t e r m i n e d  a t  v a r i o u s  d i f f u s i o n
t i m e s  by m i c r o r a d i o g r a p h i c  m e t h o d .  The o r d e r  o f  m a g n i tu d e  o f
t h e  d i f f u s i o n  c o e f f i c i e n t  o f  t h e  l e a d  i o n s  a n d  t h e  b o r a t e -  o r
-3  2 - 1  -1 1  2 -1t e t r a b o r a t e  i o n s  was 10 m s  a n d  10 m s ,  r e s p e c t i v e l y .
The t r a n s p o r t  p r o c e s s  o f  n u t r i e n t s ,  l e a f - m a n u r e s  a n d  p l a n t -  
- p r o t e c t i n g  a g e n t s  i n  p l a n t s  was i n v e s t i g a t e d  by  r a d i o a b s o r p t i o n  
m e th o d .  The e f f e c t  o f  c o m p l e x - f o r m i n g  a g e n t s  o n  t h e  a b s o r p t i o n  
o f  n u t r i e n t s  a n d  l e a f - m a n u r e  c o m p o s i t i o n s  was a l s o  e x a m in e d .
The i n f l u e n c e  o f  t h e  h u m i d i t y ,  p e r v i o u s n e s s ,  pH a n d  t e m ­
p e r a t u r e  o f  t h e  s o i l s ,  a s  w e l l  a s  t h e  a c t i o n  o f  s o i l - a d d i t i v e s  
a n d  c o m p l e x - f o r m i n g  a g e n t s  o n  t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i ­
c i e n t s  o f  n u t r i t i v e s  was s t u d i e d  by  m eans o f  t h e  r a d i o a b s o r p ­
t i o n  t e c h n i c s .  I n  s o i l s ,  t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t
o f  t h e  n u t r i e n t s  was fo u n d  t o  c h a n g e  i n  t h e  r e g i o n  o f
, _ - 1 6  2 - 1  , _ - 1 0  2 - 1  10  m s  t o  10 m s .
The n u m e r i c a l  d a t a  o f  t h e  a b o v e  m e a s u re m e n ts  g i v e  v a l u ­
a b l e  i n f o r m a t i o n  a b o u t  t h e  t r a n s p o r t  p r o c e s s e s  i n  p l a n t s  a n d  
s o i l s ,  a l l o w i n g  t h e  c o n t r o l  a n d  i n f l u e n c e  t h e r e f o r e ,  a n d  
t h u s  c o n t r i b u t i n g  t o  t h e  u t i l i z a t i o n  o f  t h e  r e s u l t s  i n  a g r i ­
c u l t u r a l  p r a c t i c e .
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THE APPLICATION OF THE PROTON INDUCED X-RAY EMISSION METHOD 
IN ANALYSING HORTICULTURAL SAMPLES
1 1 2 - 1  I .  B o r b é l ^ - K i s s  , E .  K o l t a y  , M. P a n k o t a i  , Gy. S zabo  ,
L .  Z o l n a i
' ' " I n s t i t u t e  o f  N u c l e a r  R e s e a r c h ,  H u n g a r i a n  Academy o f  S c i e n c e s ,  
H -4 0 0 1  D e b r e c e n ,  i n s t i t u t e  o f  V e g e t a b l e  G ro w in g ,  U n i v e r s i t y  
o f  H o r t i c u l t u r e ,  H -1118  B u d a p e s t
As a  c o n s e q u e n c y  o f  t h e  i n t r o d u c t i o n  o f  new t e c h n o l o g i e s  
f o r  p r o d u c i n g  s e l e c t e d  new s p e c i e s  o f  p l a n t s ,  n u t r i e n t  econom y 
becam e  a n  i m p o r t a n t  c e n t r a l  q u e s t i o n  i n  h o r t i c u l t u r e .  New 
s p e c i e s  a r e  g e n e t i c a l l y  m ore p a r t i c u l a r  t h a n  t h e  o l d  o n e s  a n d  
new e n v i r o n m e n t a l  c o n d i t i o n s  c a u s e d  by  new t e c h n o l o g i e s  o v e r ­
b u r d e n  p l a n t s .  T h e r e f o r e ,  good  r e s u l t s  c a n  o n l y  b e  e x p e c t e d  
i f  p l a n t s  a r e  h a r m o n i c a l l y  p r o v i d e d  by  a l l  e s s e n t i a l  e l e m e n t s .  
The d e t a i l e d  k n o w le d g e  o f  t h e  h u s b a n d r y  o f  m i c r o e l e m e n t s  may 
h e l p  u s  i n  f u l f i l l i n g  t h i s  c o n d i t i o n .
P r o t o n  i n d u c e d  X - ra y  e m i s s i o n  m e th o d  r e p r e s e n t s  an  
e f f e c t i v e  t o o l  i n  t h e  s i m u l t a n e o u s  a n a l y s i s  o f  a l l  t h e  e l e m e n t s  
h e a v i e r  t h a n  m a g n e s iu m  w i t h  s e n s i t i v i t y  n e a r l y  i d e n t i c a l  i n  
ppm l e v e l  f o r  a l l  t h e  e l e m e n t s .
As p a r t  o f  t h e  r e s e a r c h  w o rk  p e r f o r m e d  i n  t h e  I n s t i t u t e  
o f  V e g e t a b l e  G r o w in g ,  PIXE a n a l y s e s  w e r e  p e r f o r m e d  on  l e a v e  
s a m p le s  o f  w a t e r  m e lo n  u s i n g  p r o t o n  beams o f  t h e  5 MeV Van 
d e  G r a a f f  a c c e l e r a t o r  a t  t h e  I n s t i t u t e  o f  N u c l e a r  R e s e a r c h .  
F o u r t e e n  e l e m e n t s  / S i ,  P ,  S ,  C l ,  K, C a ,  T i ,  Mn, F e ,  N i ,  Cu,
Zn, B r ,  S r /  w e r e  a n a l y s e d  i n  t w e n t y  s i x  s a m p le s  p r e p a r e d  
f ro m  d r i e d  l e a v e  s a m p l e s .  The p r e l i m i n a r y  r e s u l t s  o b t a i n e d  
i n  t h e s e  m e a s u r e m e n t s  f u l l y  p r o v e  t h e  a p p l i c a b i l i t y  o f  t h e  
m e th o d  i n  t h e  p r e s e n t  c a s e .  F u r t h e r  e x p e r i m e n t s  a r e  b e i n g  
p l a n n e d  t o  c l e a r  up  d e t a i l s  o f  t h e  h u s b a n d r y  o f  m i c r o e l e m e n t s  
i n  w a t e r  m e l o n e .
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EFFECTS OF THIOCARBAMATE HERBICIDES ON THE MEMBRANE AND 
SURFACE L IP ID  COMPOSITION AND TRANSPIRATION OF MAIZE / ZEA 
MAYS L . /  SEEDLINGS
I . C s .  B a r t a ,  T . K ő m iv es ,  F .  D u tk a
C e n t r a l  R e s e a r c h  I n s t i t u t e  f o r  C h e m is t r y  o f  t h e  H u n g a r i a n  
Academy o f  S c i e n c e s ,  H -1525  B u d a p e s t
The q u a n t i t y  a n d  q u a l i t y  o f  e p i c u t i c u l a r  a n d  mem brane 
l i p i d  c l a s s e s  a n d  c o m p o n e n ts  / B a r t a ,  I . C s .  a n d  K ő m iv es ,  T . ,
J .  C h r o m a t o g r . ,  1 9 8 4 ,  2 8 7 , 4 3 8 / ,  a s  w e l l  a s  t r a n s p i r a t i o n  
r a t e s  o f  l e a v e s  o f  m a iz e  s e e d l i n g s  t r e a t e d  w i t h  t h e  t h i o c a r b a -  
m a te  h e r b i c i d e s  EPTC / S - e t h y l - N , N - d i p r o p y l  t h i o c a r b a m a t e /  an d  
b u t y l a t e  / S - e t h y l - N , N - d i i s o b u t y l  t h i o c a r b a m a t e /  w e re  d e t e r ­
m in e d  .
As a r e s u l t  o f  t r e a t m e n t s  wj t h  10 pM c o n c e n t r a t i o n s  o f  
EPTC a n d  b u t y l a t e ,  t r a n s p i r a t i o n  r a t e s  o f  1 4 - d a y  o l d  p l a n t s  
w e r e  i n c r e a s e d  b y  201 a n d  138 %, w h i l e  s h o o t  h e i g h t s  w e re  
o n l y  d e c r e a s e d  by 21 and  9 %, r e s p e c t i v e l y .  T h e s e  h e r b i c i d e s  
w e re  a l s o  f o u n d  t o  b e  e f f e c t i v e  i n h i b i t o r s  o f  f a t t y  a c i d  
e l o n g a t i o n  a n d  d e s a t u r a t i o n  / B a r t a ,  I . C s . ,  e t  a l . ,  A c ta  B i o -  
c h im .  B i o p h y s .  A c a d .  S e i .  H u n g , ,  19 8 4 ,  1_9, 1 3 1 / .  Time c o u r s e  
a n d  d o s e - r e s p o n s e  s t u d i e s  i n d i c a t e d  t h a t  among t h e  membrane 
l i p i d s  l i n o l e i c  a c i d  c o n t e n t  w as  m o s t  s e n s i t i v e  t o  t h i o ­
c a r b a m a t e  h e r b i c i d e s ,  w h i l e  among t h e  e p i c u t i c u l a r  wax com­
p o n e n t s  t h e  l e v e l s  o f  C ^  h y d r o c a r b o n s  w e re  m o s t  s t r o n g l y  
a f f e c t e d .
I t  i s  s u g g e s t e d  t h a t  i n c r e a s e d  t r a n s p i r a t i o n  r a t e  by  t h i o -  
c a r b a m a t e s  i s  d u e  t o  a l t e r a t i o n s  i n  t h e  m em brane a n d  s u r f a c e  
l i p i d  c o m p o s i t i o n .
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ABSORPTION AND TRANSLOCATION OF HERBICIDE ANTIDOTES IN CORN 
PLANTS / ZEA MAYS L . /
Z s .  E k l e r ,  A. H u l e s c h ,  F .  D u tk a
C e n t r a l  R e s e a r c h  I n s t i t u t e  f o r  C h e m i s t r y  o f  t h e  H u n g a r i a n  
Academ y o f  S c i e n c e s ,  H -1525  B u d a p e s t
The f a t e  o f  b i o a c t i v e  m a t e r i a l s  i n  l i v i n g  o r g a n i s m s  i s  
d e t e r m i n e d  by  b i o p h y s i c a l  / a b s o r p t i o n ,  t r a n s l o c a t i o n /  and b i o ­
c h e m i c a l  / b i o a c t i v a t i o n ,  b i o i n a c t i v a t i o n /  f a c t o r s .  To be  
e f f e c t i v e  t h e  x e n o b i o t i c s  m u s t  r e a c h  t h e  s e n s i t i v e  s i t e / s / o f  
a c t i o n  i n  i t s  a c t i v e  f o r m ,  a t  a  c o n c e n t r a t i o n  s u f f i c i e n t  t o  
c a u s e  s e v e r e  p r i m a r y  a n d / o r  s e c o n d a r y  e f f e c t s  w h ic h  r e s u l t  i n  
i n j u r y  o r  d i s r u p t i o n  o f  n o r m a l  l i f e  p r o c e s s e s .  B a r r i e r s  su ch  
a s  a b s o r p t i o n  a n d  t r a n s l o c a t i o n  may i n f l u e n c e  t h e  a c t i v e  
/ c r i t i c /  i n t e r n a l  c o n c e n t r a t i o n  o f  t h e  b i o a c t i v e  s p e c i e s .  The 
i m p o r t a n c e  o f  t h e s e  p henom ena  i n  t h e  b i o l o g i c a l  a c t i v i t y  o f  
h e r b i c i d e  a n t i d o t e s  h a s  b e e n  i n v e s t i g a t e d .  C h e m ic a l  a n t i d o t e s  
a r e  compounds e l i m i n a t i n g  t h e  i n j u r i o u s  e f f e c t s  o n  c u l t i v a t e d  
p l a n t s  by h e r b i c i d e s  w i t h o u t  d e c r e a s i n g  t h e  s u c c e s s f u l n e s s  o f  
w e e d  c o n t r o l .
G e rm in a te d  g r a i n s  o f  m a iz e  w e re  g row n i n  H o a g la n d  s o l u t i o n
f o r  o ne  week t h e n  t r a n s f e r r e d  i n t o  s i m i l a r  n u t r i e n t  s o l u t i o n
-4b u t  c o n t a i n i n g  5 x 1 0  M o f  t h e  a n t i d o t e  e x a m in e d .  A c t i v e  i n ­
g r e d i e n t  c o n t e n t  o f  p l a n t s  / r o o t  p a r t s  a n d  s p r o u t  o n e s  s e p a r a t e ­
l y /  and  n u t r i e n t  s o l u t i o n  w as d e t e r m i n e d  by GLC a f t e r  e x t r a c ­
t i o n  and  c l e a n - u p  o f  p l a n t - e x t r a c t s .
Q u a n t i t y  o f  MG-191 e x p e r i m e n t a l  a n t i d o t e  i n  t h e  buds 
c h a n g e d  p a r a b o l i c a l l y  d u r i n g  t h e  f i r s t  f i v e  d a y s .  Maximal 
v o lu m e  o f  t h e  a c t i v e  i n g r e d i e n t  b o t h  i n  t h e  s h o o t s  a n d  i n  t h e  
r o o t s  was f o u n d  o n  t h e  t h i r d  d a y .  MG-191 c o n t e n t  i n  t h e  r o o t s  
c h a n g e d  more q u i c k l y  t h a n  i n  t h e  o f f s e t s .  A l t h o u g h  t h e  a b s o r b e d  
v o lu m e  o f  AD-67 / N - d i c h l o r o a c e t y l - l - o x a - 4 - a z a - s p i r o - 4 , 5 - d e c a n e /  
a n d  R-25788 / N , N - d i a l l y l - 2 , 2 - d i c h l o r o a c e t a m i d e / a n t i d o t e s  i n t o  
t h e  w ho le  p l a n t s  was a b o u t  t e n  t i m e s  m ore  t h a n  t h a t  o f  MG-191, 
t h e  l a t t e r  p r o d u c e d  t h e  h i g h e s t  e f f i c i e n c y .  T r a n s l o c a t i o n  o f  
a l l  t h e  a g e n t s  s t u d i e d  was r a p i d .  T h u s ,  t h e i r  t r a n s p o r t  up t o  
t h e  s e n s i t i v e  s i t e / s /  o f  a c t i o n  i s  n o t  h i n d e r e d .
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EFFECTS OF PHYSICHOCHEMICAL PARAMETERS ON THE ABSORPTION AND 
TRANSLOCATION OF HERBICIDES
I .  J a b l o n k a i ,  F .  D u tk a
C e n t r a l  R e s e a r c h  I n s t i t u t e  f o r  C h e m i s t r y  o f  t h e  H u n g a r i a n  
Academy o f  S c i e n c e s ,  H -1525 B u d a p e s t
14 rU s in g  C - l a b e l l e d  a c e t o c h l o r  / 2 - c h l o r o - N -  l _ 2 - e t h y l - 6 -
- m e t h y l - p h e n y l ] - N - e t h o x y m e t h y l  a c e t a m i d e /  an d  EPTC / S - e t h y l -
- N , N - d i p r o p y l  t h i o c a r b a m a t e /  t h e  u p t a k e  a n d  t r a n s l o c a t i o n  o f
t h e s e  h e r b i c i d e s  / I .  J a b l o n k a i ,  F .  D u tk a ,  J .  R a d i o a n a l .  N u c l .
C hem ., L e t t e r s  J H ,  45 / 1 9 8 5 / /  i n  m a iz e  /Z e a  mays L . ,  P i o n e e r
3950 h y b r i d /  a n d  m u s t a r d  / S i n a p i s  a l b a  L . /  p l a n t s ,  a s  w e l l  a s
t h e i r  l i p o p h i l i c i t y  a n d  w a t e r  s o l u b i l i t y  w e re  s t u d i e d .
U p ta k e  o f  a c e t o c h l o r  / m a i z e :  0 . 4 5  p m o l e / g  f r e s h  w e i g h t ;
m u s t a r d :  1 .1 6  u m o l e s / g  f r e s h  w e i g h t /  w as f o u n d  t o  b e  m ore
r a p i d  t h a n  t h a t  o f  EPTC /m a i z e :  0 . 2 6  u m o l e / g  f r e s h  w e i g h t ;
m u s t a r d :  0 . 1 3  u m o l e / g  f r e s h  w e i g h t /  a f t e r  3 h e x p o s u r e  t o
0 .4  mM c o n c e n t r a t i o n  o f  t h e  h e r b i c i d e s  i n  n u t r i e n t  s o l u t i o n .
T r a n s l o c a t i o n  o f  a c e t o c h l o r  f ro m  r o o t s  t o  s h o o t s  / m a i z e :  14%;
m u s t a r d :  6 1 % /,  h o w e v e r ,  was l e s s  r e a d y  t h a n  t h a t  o f  EPTC
/ m a i z e :  43%; m u s t a r d :  74% /.
L i p o p h i l i c i t y  / o c t a n o l - w a t e r  p a r t i t i o n  c o e f f i c i e n t :  2 6 . 1 /  
a n d  w a t e r  s o l u b i l i t y  / 1 . 9 8  m m o le s /1 /  o f  EPTC a r e  h i g h e r  t h a n  
t h o s e  f o r  a c e t o c h l o r  / 1 5 . 9  a n d  0 . 8 3  m m o le /1 ,  r e s p e c t i v e l y / .
I n  a c c o r d a n c e  w i t h  l i t e r a t u r e  d a t a  / I . J .  G r a h a m - B r y c e , i n  
P e s t i c i d e  S y n t h e s i s  T h ro u g h  R a t i o n a l  A p p r o a c h e s ,  E d s .  P . S .  
Maggee e t  a l .  Am. Chem. S o c . ,  ACS Sym posium  S e r .  No. 2 5 5 ,  1 9 8 4 .  
p .  1 8 5 / ,  o u r  r e s u l t s  show no s i m p l e  r e l a t i o n s h i p  b e tw e e n  p h y s i ­
c o c h e m i c a l  p r o p e r t i e s  a n d  u p t a k e ,  a n d  i n d i c a t e  t h a t  t r a n s ­
l o c a t i o n  i s  d e t e r m i n e d  by w a t e r  s o l u b i l i t y .
Acta Biochimica et Biophysica Academiae Scientiarum Hungaricae 20, 1985
70
THE EFFECT OF DIFFERENT DOLOMITE DOSES ON THE WILTING OF 
SUNFLOWER
M. Gombás, T. T ó t h ,  I ,  B a lo g h
R e s e a r c h  I n s t i t u t e  o f  t h e  A g r i c u l t u r a l  U n i v e r s i t y ,  H -5 3 0 0  
K a r c a g
I n  t h e  e x p e r i m e n t  two m o n th s  o l d  s u n f l o w e r  p l a n t s  
/ H e l i a n t h u s  a n n u s s  c v .  M a r i a n a /  w e re  u s e d .  W h i le  t h e  c o n t r o l  
g r o u p  was d e v e l o p e d  i n  a  Ca a n d  Mg d e f i c i e n t  s a n d  w i t h  a  pH 
v a l u e  o f  4 . 8  t h e  s o i l  o f  t h e  tw o o t h e r  g r o u p s  was am ended  
w i t h  a  d o s e  o f  d o l o m i t e  e q u i v a l e n t  t o  300 k g  p e r  h e c t a r e  a n d  
600  k g  p e r  h e c t a r e ,  r e s p e c t i v e l y .
The p l a n t s  w e r e  c u t  b e t w e e n  t h e  s t e m  a n d  r o o t  an d  l e f t  t o  
w i l t  a t  a  l a b o r a t o r y  t e m p e r a t u r e  o f  23 °C i n  a  u n i f o r m l y  l i t  
e n v i r o n m e n t  o f  a p p r o x i m a t e l y  lOO L ux . The a s s i m i l a t i n g  s u r ­
f a c e s  o f  t h e  d i f f e r e n t  g r o u p s  sh ow ed  no s t a t i s t i c a l l y  s i g n i ­
f i c a n t  d i f f e r e n c e s .
The s e q u e n c e  o f  w i l t i n g  was t h e  f o l l o w i n g :
t r e a t m e n t  / d o l o m i t e /  w i l t i n g  t i m e  / h o u r s /
1 .  300 k g / h a  20 -  2 4 .5
2 . c o n t r o l  23 -  2 8 .7 5
3 . 600  k g / h a  2 8 .5  -  3 3 .5
The e x p l a n a t i o n  o f  t h e  o b t a i n e d  r e s u l t s  c a n  b e  a s  f o l l o w s :  I n
t h e  c a s e  o f  t h e  s m a l l e r  d o l o m i t e  d o s e  t h e  a b s o r b e d  b i v a l e n t
c a t i o n s  o v e r s h a d o w  t h e  n e g a t i v e l y  c h a r g e d  g r o u p s  o f  t h e
b i o c o l l o i d s  a n d ,  a s  a  c o n s e q u e n c e ,  t h e i r  w a t e r b i n d i n g  a b i l i t y
d e c r e a s e s .  T h a t  i s  t h e  r e a s o n  f o r  t h e  f a s t e r  w i l t i n g  o f  t h i s
g r o u p ,  a s  c o m p a re d  w i t h  t h e  c o n t r o l .  I n  t h e  c a s e  o f  t h e  g r e a t e r
2 +  2 +d o s e ,  h o w e v e r ,  t h e  Ca a n d  Mg i o n s  a c t  a s  b r i d g e  c r e a t i n g  
a g e n t s  a n d  fo rm  m i c r o c a p i l l a r y  n e tw o r k  w i t h  t h e  p e c t i n e  m a c r o ­
m o l e c u l e s  o f  t h e  c e l l  w a l l  i n t e r w a l l  f o r m a t i o n  / i n t e r l a m i n a /  
a n d ,  i n  c o n s e q u e n c e  o f  t h i s ,  t h e  w a t e r  h o l d i n g  a b i l i t y  
i n c r e a s e s .
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CRYOPRESERVATION OF EUROIEAN CATFISH /SILURUS GLANI S L . /  SPERM 
T . M á r i á n ,  Z. K r a s z n a i
F i s h  C u l t u r e  R e s e a r c h  I n s t i t u t e ,  H -5 5 4 1  S z a r v a s
D u r in g  t h e  l a s t  few  y e a r s  f r o m  t h e  c a r n i v o r o u s  E u ro p e a n  
c a t f i s h  w i l d  p o p u l a t i o n ,  d o m e s t i c a t e d  s t r a i n s  w e re  d e v e l o p e d ,  
w h ic h  c a n  b e  r a i s e d  o n  p e l l e t  a n d  a r t i f i c i a l l y  p r o p a g a t e d ,  
t h e r e f o r e  a r e  s u i t a b l e  f o r  s e m i -  o r  s u p e r i n t e n s i v e  f i s h  p r o ­
d u c t i o n .  The a p p l i c a t i o n  o f  t h e s e  t e c h n o l o g i e s  r e q u i r e d  t h e  
e l a b o r a t i o n  o f  t h e  c r y o p r e s e r v a t i o n  o f  E u r o p e a n  c a t f i s h  s p e r m .  
As e x t e n d e r  t h e  A l s e v e r  /AL/ s o l u t i o n  / F r a n k e l  1 9 7 0 /  p r o v e d  
t o  b e  t h e  m o s t  s u i t a b l e  f ro m  t h e  g e n e r a l l y  u s e d  s o l u t i o n s .
As c r y o p r o t e c t i v e  a g e n t  d i m e n t h y l s u l f o x i d e  /DMSO/ o r  e t h y l e n -  
g l i c o l  /EG/ w e re  u s e d .  Optimum r a t i o s  o f  e x t e n d e r  and  c r y o ­
p r o t e c t i v e  w e r e  AL 15 % DMSO a n d  AL 15 % EG, r e s p e c t i v e l y .  The 
d i l u t i o n  r a t i o  f o r  s p e r m  r a n g e d  f r o m  1 : 1  t o  1 : 5 .  I t  was d e t e r ­
m in e d  t h a t  t h e  c r u c i a l  p o i n t  o f  c r y o p r e s e r v a t i o n  i s  t h e  
f r e e z i n g  s p e e d .  The f r e e z i n g  m u s t  b e  c a r r i e d  o u t  c o n t i n u o u s l y .  
F r e e z i n g  r a t e  m u s t  b e  10 ° C /m in  b e f o r e  r e a c h i n g  - 8 0  °C , t h e n  
20 ° C /m in  t o  - 1 5 0  ° C . A f t e r  t h i s  t h e  s p e r m  i s  p u t  a n d  s t o r e d  
i n  l i q u i d  n i t r o g e n .  I n  c a s e  o f  q u i c k e r  f r e e z i n g  r a t e  t h e  
sem en was p r e c i p i t a t e d  a n d  becam e u s e l e s s  f o r  f e r t i l i z a t i o n .
U s in g  t h e  c r y o p r e s e r v e d  semen t h e  same f e r t i l i z a t i o n  
r a t e s  w e re  o b t a i n e d  a s  w i t h  t h e  c o n t r o l  u n t r e a t e d  f r e s h  
s p e r m .
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A SUMMARY REVIEW ON THE SPATIAL DISTRIBUTION OF THE NEGATIVE 
AIR IONS IN THE POULTRY HOUSES
Gy. L á s z l ó
MEDICOR, H -1389 B u d a p e s t
I n  t h e  f i r s t  p l a c e  i t  m u s t  b e  r e m a r k e d  t h a t  when f o r m i n g
e n v i r o n m e n t a l  p a r a m e t e r s  i n  p o u l t r y - f a r m i n g ,  d i f f e r e n t  r e q u i r e
m e n t s  e x i s t  f ro m  t h e s e  o f  hum an e n v i r o n m e n t a l  p a r a m e t e r s .
I n  1975 t h e  U n i v e r s i t y  f o r  A g r i c u l t u r a l  S c i e n c e s  -  D e p a r t
m e n t  f o r  Z o o b io lo g y  a n d  A n im a l  P h y s i o l o g y  -  recom m ended  a n d
3 3p r e s c r i b e d  4 0 0 - 7 0 0  i o n s / c m  , b u t  i n  1984 5000  i o n s / c m  w e r e  
reco m m en d ed .  They a l s o  p r e s c r i b e d  t h e  t y p e  o f  t h e  i o n - c o v e r i n g  
By f o r m i n g  t h e  i n n e r  i o n - c l i m a t e  i n  p o u l t r y  h o u s e s  t h e  
f o l l o w i n g  f o u r  w ays  c a n  b e  c h o s e n :  1 . :  t o  d i s p e r s e  -  i n  e v e r y  
d i r e c t i o n  -  t h e  n e g a t i v e  a i r  i o n s  b y  means o f  v e n t i l a t i o n  
s h a f t  o f  v e n t i l a t o r ,  2 . :  t o  d i s p e r s e  n e g a t i v e  a i r  i o n s  w i t h  
n a t u r a l  a t m o s p h e r i c  m o t i o n ,  3 . :  t o  c o n s t r u c t  m o d e l s  o f  
p u n c t i f o r m  i o n - s o u r c e ,  4 . :  t o  i n c r e a s e  t h e  i n t e r n a l  i o n  
d i s t r i b u t i o n  by  t h e  e f f e c t  o f  d i f f u s i o n  a n d  c o n v e c t i o n .
T he  m o s t  e f f e c t i v e  p r o c e d u r e s  c a n  b e  e n l i s t e d  i n  i t e m  4 w h ic h  
m u s t  b e  d e s i g n e d  a n d  c o m p u te d  by  c o m p u t e r .  T h e r e a f t e r  f i t t i n g  
p l a c e s  o f  t h e  i o n i z e r s  a n d  v e n t i l a t o r s  s h o u l d  b e  c o n s t r u c t e d .
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INFLUENCE OF ARTIFICIALLY INDUCED UNIPOLAR AIR-IONS ON MASS- 
-GROWTH AND FEED-CONVERSION OF BROILER-CHICKENS
G. Supp
A g r i c u l t u r a l  U n i v e r s i t y ,  H -4015  D e b re c e n
The n a t u r a l  c o n c e n t r a t i o n  o f  a i r - i o n s  c h a n g e s  a r o u n d  t h e  
a n i m a l s  l i v i n g  i n  c l i m a t i z e d  a n d  i n s u l a t e d  c o o p s :  t h e  num ber  
o f  n e g a t i v e  0 2 ~ i o n s  d e c r e a s e s  a n d  t h e  num ber  o f  p o s i t i v e  
C 0 2 ~ io n s  i n c r e a s e s ,  A c h a n g e  i n  t h e i r  p r o p o r t i o n  w o u ld  
i n f l u e n c e  t h e  m e t a b o l i s m  i n  a n i m a l s  i n  an  u n f a v o u r a b l e  w ay .
I n  my e x p e r i m e n t s  i t  was my a im  t o  f i n d  t h e  k i n d  o f  n e g a ­
t i v e  i o n - c o n c e n t r a t i o n  i n  t h e  a i r  w h ic h  i s  o p t i m a l  f o r  t h e
m a s s - g r o w t h  a n d  f e e d - c o n v e r s i o n  o f  b r o i l e r - c h i c k e n s .  S o ,  
e x p e r i m e n t a l  g r o u p s  o f  1 0  H Y B R O -b ro i le r  p u l l e t s  a n d  10 c o c k s  
w e r e  f o u n e d .  The c o n c e n t r a t i o n  o f  n e g a t i v e - i o n s  i n  t h e  a i r  
was 100 i n  t h e  c a s e  o f  3 g r o u p s ,  i n  a n o t h e r  3 g r o u p s  i t  was 
50 0 0  a n d  i n  y e t  a n o t h e r  3 g r o u p s  i t  was 25000  n e g a t i v e  i o n s / c m
i n  t h e  a i r .  A t  t h e  e n d  o f  t h e  42nd  d ay  o f  t h e  e x p e r i m e n t  b o d y -
- m a s s  a n d  f o o d - c o n s u m p t i o n  w e re  m e a s u r e d .
The r e s u l t s  i n d i c a t e  t h a t  t h e  b o d y -m a s s  o f  c o n t r o l
3
/ 1 0 0  n e g a t i v e  i o n s / c m  / p u l l e t s  a n d  c o c k s  was 13 3 1  g a n d  
16 2 5  g ,  r e s p e c t i v e l y ,  a n d  t h e i r  j o i n t  s p e c i f i c - b o d y - g r o w t h  
was 5 0 4 .3  g m a s s / k g  o f  f o o d ,  w h i l e  t h e s e  same i n d i c a t o r s  w e re  
by  3 .6  %, 1 .7 5  % a n d  5 . 6 9  % h i g h e r  i n  t h e  e n v i r o n m e n t  w i t h  
5 0 0 0  n e g a t i v e  i o n s / c m  a n d  i n  t h e  c a s e  o f  2 5 0 0 0  n e g a t i v e  
i o n s / c m  t h e  f i r s t  tw o  i n d i c a t o r s  w e re  by  0 . 2 3  %, 0 . 3 1  % 
w o r s e  a n d  t h e  t h i r d  o n e  was by  4 .2 6  % b e t t e r  t h a n  i n  t h e  
c o n t r o l  g r o u p .  The d i f f e r e n c e s  b e tw e e n  t h e  c o n t r o l  g r o u p  a n d
3
t h e  o n e  k e p t  i n  a n  e n v i r o n m e n t  w i t h  5000  n e g a t i v e  i o n s / c m  
a r e  s i g n i f i c a n t  a t  P = 5 %. To sum up  t h i s  w ay ,  i t  i s  
a d v a n t a g e o u s  t o  k e e p  up  a  hom ogenous  c o n c e n t r a t i o n  o f  5000 
n e g a t i v e  i o n s / c i n  o f  a i r  t h r o u g h o u t  t h e  b r e e d i n g  o f  b r o i l e r -  
c h i c k e n s  .
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CONTROL OF MINERAL METABOLISM OF POULTRY WITH SOME BIOPHYSICAL 
PARAMETERS OF BIOMINERALIZATION
1 . 1  , 2B .L .  T ó th  , G. L e n c s é s  , J .  C s e rm e ly
1 2 I n s t i t u t e  o f  A n im a l  P h y s i o l o g y  a n d  H y g ie n e ,  I n s t i t u t e  o f
M e c h a n ic s ,  A g r i c u l t u r a l  U n i v e r s i t y ,  H -2103  G ö d ö l lő
M i n e r a l s  -  among th e m  Ca a n d  P -  h a v e  s i g n i f i c a n t  
s t r u c t u r a l  a n d  f u n c t i o n a l  r o l e s  i n  a n i m a l  o r g a n s . Among t h e  
f a r m  d o m e s t i c  a n i m a l s  p o u l t r y  / G a l l u s  d o m e s t i c u s /  i s  o u t ­
s t a n d i n g  f o r  i t s  v i g o r o u s  m e t a b o l i s m .  M ost i n v e s t i g a t i o n  
p r o c e d u r e s  a r e  b a s e d  o n  d a t a  f ro m  c h e m i c a l  a n a l y s e s  o f  b l o o d .  
B u t  t h e s e  g a v e  i n f o r m a t i o n  o n l y  when m a rk e d  m a j o r  c h a n g e s  
h a v e  o c c u r r e d ,  s i n c e  t h e i r  b l o o d  l e v e l s ,  u n d e r g o  h o rm o n a l  r e ­
g u l a t i o n s .  The d y n a m ic s  o f  m i n e r a l  m e t a b o l i s m  d e p e n d s  m a in ly  
o n  t h e  m i n e r a l i z a t i o n  o f  b o n e s  so  t h e  d e t e r m i n a t i o n  o f  
p h y s i c a l  p a r a m e t e r s  f a c i l i t a t e s  t h e i r  e s t i m a t i o n .
The a u t h o r s  d e t e r m i n e d  t h e  p r e s s u r e  a n d  f l e x i b i l i t y  
s t r e n g t h  o f  some b o n e s  / t i b i a  a n d  f e m u r /  by m e c h a n i c a l  
m e th o d  i n  a n i m a l  p o p u l a t i o n s  w h ic h  h a d  b e e n  s u p p l i e d  w i t h  
d i f f e r e n t  l e v e l s  o f  m i n e r a l s  a n d  a l s o  i n  a  p o p u l a t i o n  o f  
d i f f e r e n t  l e v e l  o f  p r o d u c t i o n .
The v a l u e s  w e re  c o m p a re d  t o  t h e  d a t a  r e c e i v e d  by 
c h e m i c a l  a n a l y s e s  o f  b o n e s  a n d  b l o o d .  I t  was f o u n d  t h a t  
a /  t h e  r e s u l t s  o f  t h e  c h e m i c a l  a n a l y s e s  o f  b o n e s  c a n  be  
u s e d  w i t h  g r e a t e r  s a f e t y  t h a n  t h e  r e s u l t s  o f  t h e  b l o o d  
a n a l y s e s ,  b /  The b o n e s  o f  d i f f e r e n t  r e g i o n a l  a n a t o m i c a l  
p o s i t i o n s  i n  t h e  l i v i n g  o r g a n i s m  a r e  a f f e c t e d  by  d i f f e r e n t  
d i v e r s e  a c t i o n s  w h ic h  m akes  a s s e s s m e n t s  u n c e r t a i n .  The e g g  
p r o d u c t i n g  s t r u c t u r e  i s  d e t e r m i n a n t  i n  t h e  p o u l t r y .  A t a 
g i v e n  l e v e l  o f  m i n e r a l  m a t e r i a l  s u p p l y  t h e  p r e s s u r e  
s t r e n g t h  o f  t i b i a  i s  g r e a t e r  / 2 2 . 5  MPa/ t h a n  t h a t  o f  t h e  
f e m u r  / 1 2 . 8  M P a / ,  w h i l e  t h e  f l e x i b i l i t y  s t r e n g t h  o f  t h e  
fe m u r  i s  s t r i k i n g l y  h i g h  /4 5  M Pa/.
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PHYSICAL METHODS FOR THE SEPARATION OF X- AND Y-CHROMOSOME 
BEARING SPERM
1 2  1R. G á s p á r  j r .  , T. T a k á c s  , M. B a l á z s  , J .  S z ö l l ő s i  , L . Má- 
tyus-L , G. S z a b ó  j r .  , I .  R e s l i ^ ,  S .  D a m ja n o v ic h
1
2
B i o p h y s i c a l  I n s t i t u t e ,  M e d i c a l  U n i v e r s i t y ,  
A nim al B r e e d i n g  E n t e r p r i s e ,  H -4001  D e b re c e n
H -4012 D e b re c e n ,
D i f f e r e n c e s  i n  p h y s i c a l ,  b i o c h e m i c a l  a n d  im m u n o lo g ic a l  
p r o p e r t i e s  b e tw e e n  X- a n d  Y -chrom osom e b e a r i n g  s p e r m a t o z o a  
h a v e  b e e n  p o s t u l a t e d  by  s e v e r a l  i n v e s t i g a t i o n s .  One o f  t h e  
p r o v e n  d i f f e r e n c e s  b e tw e e n  t h e  X- a n d  Y -ch rom osom e b e a r i n g  
m a le  germ  c e l l s  i s  t h e  d i f f e r e n c e  c o n t r i b u t e d  by  t h e  s e x  
ch rom osom e. D i f f e r e n c e  i n  DNA q u a n t i t i e s  b e tw e e n  t h e  two 
c l a s s e s  o f  s p e r m  c e l l s  i s  2 . 5 - 4 . 5  % i n  m o s t  m am m alian  s p e c i e s .  
S t a i n i n g  sp e rm  DNA w i t h  a  f l u o r o c h r o m e ,  f l o w  c y t o m e t r y  o f f e r s  
a  m e th o d  t h a t  i s  c a p a b l e  o f  o b s e r v i n g  t h e  a b o v e  m e n t io n e d  
h i g h  d i f f e r e n c e s  i n  DNA c o n t e n t  o f  X- a n d  Y - b e a r i n g  s p e rm . 
C o m b in a t io n  o f  f l o w  c y t o m e t r i c  DNA c o n t e n t  a n a l y s i s  o f  sp e rm  
p o p u l a t i o n s  w i t h  c e l l  s o r t i n g  p r o v i d e s  a  p o s s i b l e  m e th o d  o f  
s e p a r a t i n g  t h e  X- a n d  Y -chrom osom e b e a r i n g  s p e r m  s u b p o p u l a t i o n s . 
A n o t h e r  p r o m i s i n g  m e th o d  f o r  s e x  o r i e n t a t i o n  o f  m am m alian  
s p e rm  i s  b a s e d  o n  t h e  d i f f e r e n t  sw im m ing b e h a v i o u r  o f  X- a n d  
Y -s p e rm s  i n  a  l a m i n a r  f l o w  c e l l .  P e r s o n a l  e x p e r i e n c e s  w i t h  t h e  
a b o v e  t e c h n i q u e s  a n d  p r e l i m i n a r y  e x p e r i m e n t s  a r e  d i s c u s s e d  i n  
t h e  p a p e r .
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MEASUREMENT OF HEAT LOSS TO FLOORINGS IN PRACTICE 
G. S z o v á ta y
A g r i c u l t u r a l  U n i v e r s i t y ,  H -4 0 3 2  D e b re c e n
I n  z o o h y g i e n i c a l  e n v i r o n m e n t a l  d i a g n o s t i c s  i t  i s  im p o r ­
t a n t  t o  s t a t e  t h e  h e a t - a b s o r p t i o n  o f  a i r  a n d  f l o o r  o r  l i t t e r .
A t h e r m o e l e m e n t a l  h e a t - c o n v e c t i o n - m e t e r  i n  t h e  a i r  i n d i c a t e s  
s t a t i o n a r y  h e a t - f l u x .  On t h e  f l o o r  i t  f i r s t  i n d i c a t e s  a 
maximum a f t e r  1 5 - 2 0  s ,  t h e n  a  g r a d u a l  d e c r e a s e  a n d ,  f i n a l l y ,
a  p r a c t i c a l l y  s t a t i o n a r y  s t a t e  f o l l o w s .  The l e s s  t h e  h e a t -
2 1 / 2- a b s o r p t i o n  f a c t o r  o f  t h e  f l o o r  o r  t h e  l i t t e r  / b ;  k J / m  .h  / 
i s  t h e  e a r l i e r  a n d  l o w e r  t h e  s t a t i o n a r y  h e a t - f l u x  t a k e s  p l a c e .
The d i a g r a m  o f  h e a t - f l u x  i s  s i m i l a r  w i t h  t h e  p r e h e a t e d -  
b o x - c o n v e c t i o n  m e t e r , t o o .  The h e a t  s o u r c e  o f  t h i s  a p p a r a t u s  
i s  a  b o x ,  i n s t e a d  o f  a n  a n i m a l . The t e m p e r a t u r e  o f  t h e  box  
c a n  b e  k e p t  s t a b l e  by a n  e l e c t r i c  h e a t e r .
I n  p r a c t i c e ,  o n l y  s i m p l e  i n s t r u m e n t s  a r e  u s a b l e .  Such  i s  
t h e  h o t - w a t e r  b o x , w h ic h  i n d i c a t e s  a p a r t  o f  t h e  i n i t i a l ,  
p e r i o d  i n  t h e  i n s t a t i o n a r y  h e a t - f l u x  o n  t h e  b a s i s  o f  t e m p e r a ­
t u r e  d e c r e a s e .
Such  a  v a l u e  c a n  b e  m e a s u r e d  by t h e  H i l l ' s  k a t a t h e r m o m e -  
t e r , t o o .  I t  s h o u l d  b e  p u t  i n t o  t h e  l i t t e r ,  s o  t h a t  i t s  f l u i d -  
- l e v e l  s h o u l d  b e  i n  t h e  v i c i n i t y  o f  t h e  s t a r t i n g  t e m p e r a t u r e .
B e c a u s e  o f  t h e  r e l a t i v e l y  l o n g  s p a c e  o f  m e a s u r e m e n t  some 
l i t t e r s t o c k s  may b e  c o m p a re d  o n l y  i n  s t a n d a r d  a i r - c o n d i t i o n ,  
e . g .  i n  a  c l i m a t i z e d  room . F o r  t h i s  r e a s o n  t h e  s t a t i o n a r y  
h e a t - v a l u e s  o n  t h e  f l o o r s  o r  i n  t h e  o i t t e r s t o c k s  a r e  t o  be  
c o m p a re d  w i t h  t h e  s i m u l t a n e o u s  h e a t - v a l u e s  i n  t h e  a i r .
I n  t h i s  w ay ,  a t  a n  a i r  t e m p e r a t u r e  o f  1 9 . 5  °C t h e  
i n s t r u m e n t s  g i v e  a  h e a t  q u o t i e n t  o f  0 .8 4  b e t w e e n  s t r o w  a n d  a i r ,  
2 .3 2  b e tw e e n  s a n d  a n d  a i r ,  3 . 7 3  b e tw e e n  c o n c r e t e  a n d  a i r .
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SOME PHYSICAL PROPERTIES OF FATTY POWDERED MILK 
J .  K i s p é t e r
Food I n d u s t r y  C o l l e g e ,  H -6724  S z e g e d
E x te n d e d  a p p l i c a t i o n  o f  p h y s i c a l  m e th o d s  i n  f o o d  i n d u s t r y ,  
p a r t i c u l a r l y  by t h e  a p p l i c a b i l i t y  o f  i o n i z i n g  r a d i a t i o n  f o r  
t h e  p r e s e r v a t i o n  o f  f o o d s ,  h a v e  come i n t o  p r o m i n e n c e .  The 
l a r g e  s e n s i t i v i t y  o f  f a t s  a n d  f a t - c o n t a i n i n g  f o o d s  t o  t h e  
i n f l u e n c e  o f  r a d i a t i o n  t r e a t m e n t  i s  w e l l  k n o w n .  Our p u r p o s e  
was t o  i n v e s t i g a t e  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  AC 
e l e c t r i c  c o n d u c t i v i t y  a n d  d i e l e c t r i c  c o n s t a n t  o f  f a t t y  
p o w d e re d  m i l k ,  a n d  t h e  f r e e  r a d i c a l s  i n d u c e d  by  r a d i a t i o n  
by  e l e c t r o n  p a r a m a g n e t i c  r e s o n a n c e  /EPR/ m e th o d  i n  t h e  
f u n c t i o n  o f  r a d i a t i o n  d o s a g e .  The m u ta g e n ic  e f f e c t  a r i s i n g  
f ro m  t h e  i n f l u e n c e  o f  r a d i a t i o n  was s t u d i e d  b y  D r o s o p h i l a  
m o s a i c  t e s t .  A t  t h e  sam e t i m e ,  t h e  c h e m i c a l  a n d  m i c r o b i o l o g i c a l
c h a r a c t e r i s t i c s  w e re  a l s o  i n v e s t i g a t e d .
6 0The s a m p le  w e re  i r r a d i a t e d  by Co gamma r a d i a t i o n  s o u r c e  
t o  d i f f e r e n t  e x t e n t s  / 0 . 1 - 2  k G y / . The p h y s i c a l  p r o p e r t i e s  w e re  
m e a s u r e d  by a  TESLA t y p e  BM 434 s e m i a u t o m a t i c  p r e c i s i o n  b r i d g e ,  
i n  p r e s s e d  l a y e r s  e q u i p p e d  w i t h  s i l v e r  e l e c t r o d e  i n  t h e  t e m p e r ­
a t u r e  r a n g e  o f  2 0 0 -3 2 5  K. EPR m e a s u re m e n ts  w e r e  c a r r i e d  o u t  on  
a  J E S -P E - IX  / J e o l ,  J a p a n /  X b a n d  s p e c t r o p h o t o m e t e r .
We h a v e  o b t a i n e d  t h e  f o l l o w i n g  e s s e n t i a l  r e s u l t s :
-  T e m p e r a t u r e  d e p e n d e n c e  o f  e l e c t r i c  c o n d u c t i v i t y  /Т /  
show s s i m i l a r  c h a r a c t e r  t o  o r g a n i c  s e m i c o n d u c t o r s
-  D osage  d e p e n d e n c e  o f  a c t i v a t i o n  e n e r g i e s  c a l c u l a t e d  f ro m
/ T / , a n d  f r e e  r a d i c a l s  g i v e n  by EPR s p e c t r u m  show 
s i m i l a r  s a t u r a t i o n  c u r v e s  / a t  1 k G y / .
-  F r e e  r a d i c a l s  d i s a p p e a r e d  f ro m  t h e  d i s s o l v e d  a n d  a g a i n  
s o l i d  p o w d e re d  m i l k  -  t h i s  was s u p p o r t e d  b y  t h e  d e c r e a s e  
i n  t h e  a c t i v a t i o n  e n e r g y .
-  R i s e  i n  t h e  f r e q u e n c y  o f  m u t a t i o n  was n o t  o b s e r v e d .
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INVESTIGATION OF WATER BINDING IN PLANT SECTIONS 
S .  P ó c s i k ,  A. N i e d e t z k y
B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -7 6 4 3  P é c s
I n  o u r  p r e s e n t  e x p e r i m e n t s  we h a v e  e x a m in e d  t h e  v a p o u r  
p r e s s u r e  o f  t h e  r e m a i n i n g  w a t e r  o f  t h e  g r a d u a l l y  d r i e d  p l a n t
3
s e c t i o n s  / p o t a t o  / . We c u t  s e c t i o n s  o f  20x10x1  mm f r o m  t h e  
p o t a t o  by t h e  a i d  o f  a  m e t a l  p a t t e r n .  We d r i e d  t h e  s e g m e n ts  
g r a d u a l l y  s t e p  b y  s t e p  a n d  a t  e a c h  s t e p  we m e a s u r e d  t h e  
v a p o u r  p r e s s u r e  v a l u e s  o f  t h e  s e g m e n t s  a t  d i f f e r e n t  t e m p e r a ­
t u r e s ,  and  d e t e r m i n e d  t h e  t e m p e r a t u r e  c o e f f i c i e n t  o f  t h e  
v a p o u r  p r e s s u r e .  U s in g  t h e  C l a u s i u s - C l a p e y r o n  e q u a t i o n  t h e  
e v a p o r a t i o n  h e a t  o f  r e m a i n i n g  w a t e r  i n  t h e  p l a n t  s e c t i o n  c a n  
b e  c a l c u l a t e d .  We f o u n d  t h a t  t h e  e v a p o r a t i o n  h e a t  i n c r e a s e d  
s i g n i f i c a n t l y  t o g e t h e r  w i t h  t h e  d e c r e a s i n g  w a t e r  c o n t e n t  o f  
t h e  p l a n t  s e c t i o n s .  We o b t a i n e d  s i m i l a r  r e s u l t s  i n  t h e  c a s e  
o f  m u s c l e s .  I n  o u r  o p i n i o n  t h e s e  r e s u l t s  a l s o  s u p p o r t  t h e  
g r a d u a l l y  i n c r e a s i n g  b o u n d e d n e s s  o f  r e m a i n i n g  b i o l o g i c a l  w a t e r .
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STIMULATION TREATMENTS ON LARGE-SEED LEGUMINOUS PLANTS.
THE EFFECT OF ELECTRIC FIELD ON THE GERMINATION
1 1 2  F .  B o r b é l y  , I .  Nagy , J .  Nagy
1 2 R e s e a r c h  C e n t r e  o f  t h e  S e e d  Company, N y í r e g y h á z a ,  P h y s i c a l
I n s t i t u t e ,  A g r i c u l t u r a l  U n i v e r s i t y ,  H -4038  D e b r e c e n
The e f f e c t  o f  t r e a t m e n t s  o f  e l e c t r o s t a t i c  f i e l d  w i t h  
d i f f e r e n t  i n t e n s i t y  a n d  l e n g t h  o f  t i m e  o n  t h e  s e e d s  was 
e x a m in e d  i n  a  s e r i e s  o f  e x p e r i m e n t s  w i t h  o ne  v a r i e t y  o f  f o u r  
l e g u m in o u s  p l a n t s  / L u p i n u s  a l b u s ,  L u p in u s  l u t e u s ,  P is u m  s a t i ­
vum, P h a s e o l u s  v u l g a r i s /  e a c h .
The a im  o f  t h e  e x p e r i m e n t s  was t o  s t u d y  t h e  e f f e c t  o f  t h e  
a p p l i e d  t r e a t m e n t s  on  t h e  g e r m i n a t i o n  a n d  t h e  d e v e l o p m e n t  o f  
s e e d l i n g s ,  f u r t h e r ,  t o  f i n d  o u t  t h e  d u r a t i o n  o f  s t i m u l a t i o n  
e f f e c t  a f t e r  t h e  t r e a t m e n t .
The t r e a t m e n t s  w e re  c a r r i e d  o u t  by  e q u i p m e n t s  c o n s t r u c t e d  
by t h e  D e p a r tm e n t  o f  P h y s i c s  o f  A g r i c u l t u r a l  U n i v e r s i t y  D e b r e ­
c e n ,  w i t h  t h e  f o l l o w i n g  f i e l d  i n t e n s i t i e s :  2 kV /cm , 1 h o u r ;
2 kV /cm , 2 h o u r ;  6 kV /cm , 1 h o u r .
4 X 25 s e e d s  w e re  g e r m i n a t e d  i n  f i l t e r  p a p e r  i n  i n c u b a t o r  
a t  2 0 - 2 2  ° C .  The e v a l u a t i o n  was c a r r i e d  o u t  on  t h e  7 t h  d a y .
The f o l l o w i n g  d a t a  w e re  s t u d i e d :  g e r m i n a t i o n  c a p a c i t y ,  an d  
t h e  l e n g t h  o f  t h e  s h o o t s  a n d  r a d i c l e s , a s  w e l l  a s  t h e  d i a m e t e r  
o f  t h e  h y p o c o t i l  1 cm u n d e r  t h e  c o t y l e d o n  o f  e a c h  s e e d l i n g .
The f i r s t  g e r m i n a t i o n  was c a r r i e d  o u t  i m m e d i a t e l y  a f t e r  
t h e  t r e a t m e n t ,  t h e n  i t  was r e p e a t e d  o n  t h e  1 4 t h  a n d  2 8 th  d a y ,  
a n d  i n  e a c h  4 t h  week f o r  7 m o n ts h ,  a n d  o n e  y e a r  a f t e r  t h e  
t r e a t m e n t .
The d a t a  w e re  e v a l u a t e d  b y  t h e  u s u a l  m e th o d s  o f  t h e  b i o ­
m e t r i c s .  On t h e  b a s i s  o f  t h e  v a r i a t i o n  a n a l y s i s  t h e  t r e a t m e n t s  
by t h e  e x a m in e d  s p e c i e s  and  p a r a m e t e r s  h a d  p o s i t i v e  e f f e c t s .  
The o p t i m a l  d o s e  v a r i e d  a c c o r d i n g  t o  t h e  s p e c i e s .
The s t i m u l a t i o n  e f f e c t  a l t e r n e d  b e tw e e n  3 a n d  30 %, a n d  
w i t h  c e r t a i n  f l u c t u a t i o n  c o u l d  b e  r e v e a l e d  e v e n  o n e  y e a r  a f t e r  
t h e  t r e a t m e n t .
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REGULATION OF ION TRANSPORT IN WHEAT 
L .  E r d e i
B i o p h y s i c a l  I n s t i t u t e ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -6701  S z e g e d
T r a n s p o r t  p r o c e s s e s  p l a y  a  f u n d a m e n t a l  r o l e  i n  g r o w th  an d  
d e v e l o p m e n t  o f  p l a n t s .  I n  g e n e r a l ,  n e t  a c c u m u l a t i o n  o f  i o n s  
d u r i n g  t h e  l i f e  c y c l e ,  a s  w e l l  a s  t h e  c h a n g e s  i n  a v e r a g e  
i o n  c o n c e n t r a t i o n s  i n  p l a n t  t i s s u e s  a r e  w e l l  d o c u m e n te d .
The d y n a m ic  p r o p e r t i e s  a n d  t h e  r e g u l a t i o n  m e c h a n is m  o f  t r a n s ­
p o r t  p r o c e s s e s ,  h o w e v e r ,  a r e  l e s s  u n d e r s t o o d .
I n  t h i s  c o n t r i b u t i o n  s e v e r a l  r e g u l a t o r y  m e c h a n is m s  w i l l  be  
d e a l t  w i t h  a s  f o l l o w s :
1 .  R e g u l a t i o n  o n  c e l l u l a r  a n d  m em brane l e v e l s
-  f e e d  b a c k  c o n t r o l  a n d  h o r m o n a l  e f f e c t s ;
2 .  R e g u l a t i o n  i n  t i s s u e s  a n d  o r g a n s
-  s o u r c e  a n d  s i n k  r e l a t i o n s h i p s ;
-  l o n g  d i s t a n c e  t r a n s p o r t .
3 .  C hanges  i n  t r a n s p o r t  p r o c e s s e s  d u r i n g  t h e  l i f e  c y c l e .
4 .  The r o l e  o f  e n v i r o n m e n t a l  f a c t o r s .
T h e se  p o s s i b i l i t i e s  w i l l  b e  i l l u s t r a t e d  w i t h  e x a m p le s  
g i v e n  f ro m  K+ t r a n s p o r t  i n  w i n t e r  w h e a t .
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THE MECHANISM OF THE INTERACTION BETWEEN GRAMICIDIN AND RED 
BLOOD CELL MEMBRANE
1 2  1K. B l a s k ó  , L .  S c h a g i n a  , S .  G y ö r g y i
^ B i o p h y s i c a l  I n s t i t u t e ,  S em m elw e is  M e d ic a l  U n i v e r s i t y ,
H -1088 B u d a p e s t ,  ^Institute Qf  C y t o l o g y ,  Academy o f  S c i e n c e s  
o f  USSR, L e n i n g r a d
G r a m i c i d i n  i n c r e a s e s  t h e  c a t i o n  p e r m e a b i l i t y  o f  r e d  b l o o d  
c e l l  m e m b ra n e .  The e x c h a n g e  d i f f u s i o n  m e a s u r e d  i n  t h e  p r e s e n c e  
o f  g r a m i c i d i n  c a n  b e  d e s c r i b e d  by  a  tw o  e x p o n e n t i a l  f u n c t i o n .  
Our m ode l  / t h e  e x p l a n a t i o n  o f  t h e s e  k i n e t i c  r e s u l t s /  d e s c r i b e s  
t h e  p e n e t r a t i o n  o f  t h e  a n t i b i o t i c  i n t o  t h e  membrane a s  a  
c o o p e r a t i v e  p r o c e s s .  The m o d e l  w as p r o v e d  e x p e r i m e n t a l l y :  t h e  
num ber o f  a n t i b i o t i c  c o n t a i n i n g  e r y t h r o c y t e s  was e s t i m a t e d ,  
t h i s  v a l u e  w as  p l o t t e d  a g a i n s t  t h e  g r a m i c i d i n  c o n c e n t r a t i o n  
a n d  an  S l i k e  c u r v e  was o b t a i n e d .  On t h e  b a s i s  o f  i o n s e l e c t i v i -  
t y  m e a s u r e m e n t s  i t  was p r o v e d  t h a t  t h e  g r a m i c i d i n  m o l e c u l e s  
p e n e t r a t i n g  i n t o  t h e  membrane c r e a t e d  i o n c o n d u c t i n g  c h a n n e l s  
i n  t h e  m e m b ra n e .
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INVESTIGATION OF HERBICIDE-ANTIDOTE ANTAGONISM ON PLANT 
CELL MEMBRANE PERMEABILITY
A. H u l e s c h ,  T . K ô m iv e s ,  F .  D u tk a
C e n t r a l  R e s e a r c h  I n s t i t u t e  f o r  C h e m i s t r y  o f  t h e  H u n g a r i a n  
Academy o f  S c i e n c e s ,  H-1525 B u d a p e s t
The a n t i d o t e - r e v e r s i b l e  e f f e c t s  o f  t h i o c a r b a m a t e  a n d  
c h l o r o a c e t a n i l i d e  h e r b i c i d e s  o n  b e t a c y a n i n  e f f l u x  f ro m  a g e d  
b e e t r o o t  / B e t a  v u l g a r i s  L. c v a r .  r u b r a /  d i s k s  / W i l k i n s o n ,  R .E .  
a n d  S m i th ,  A . E . ,  Weed S e i . ,  1 9 7 6 ,  Z4, 2 3 5 /  w e re  s t u d i e d  a s  
s i m p l e  m o d e ls  o f  h e r b i c i d e - a n t i d o t e  a n t a g o n i s m  a t  t h e  p l a n t  
c e l l  m em brane .
D o s e - r e s p o n s e  a n d  t i m e - c o u r s e  s t u d i e s  r e v e a l e d  t h a t ,  w i t h  
l a g - p e r i o d e s  o f  5 - 1 0  m in ,  EPTC / S - e t h y l - N , N - d i p r o p y l t h i o c a r b a -  
m a t e /  a n d  a c e t o c h l o r  / 2 - c h l o r o - N - e t h o x y m e t h y l - N - [ 2 - e t h y l - 6 -  
- m e t h y l p h e n y l j a c e t a m i d e /  i n c r e a s e  b e t a c y a n i n  e f f l u x  a t  c o n ­
c e n t r a t i o n s  h i g h e r  t h a n  1 . 0  a n d  0 . 5  mil, r e s p e c t i v e l y .
E x p e r i m e n t s  w i t h  com pounds b e l o n g i n g  t o  a  new c l a s s  o f  
h e r b i c i d e  a n t i d o t e s  / S z é l i ,  E . ,  e t  a l . ,  C e r e a l  R e s .  Commun., 
1 9 8 5 ,  1_3, 5 5 / ,  a s  w e l l  a s  w i t h  c o m m e r c i a l  p r o d u c t s ,  show ed  
t h a t  a n t i d o t e s  may p r o t e c t  b e e t r o o t  c e l l  m em branes a g a i n s t  
t h i o c a r b a m a t e  a n d  c h l o r o a c e t a n i l i d e  h e r b i c i d e  dam age:  l e s s  
p r o n o u n c e d  e f f l u x  o f  b e t a c y a n i n  w as o b s e r v e d  when h e r b i c i d e s  
/ 1 . 5  mM/ a n d  a n t i d o t e s  / 0 . 1 5  mM/ w e r e  s i m u l t a n e o u s l y  a p p l i e d .  
E f f e c t i v e n e s s  o f  t h e  a n t i d o t e s  t o  c o u n t e r a c t  h e r b i c i d e  dam age 
d e p e n d e d  on  t h e  c h e m i c a l  s t r u c t u r e  a n d  t h e  c o n c e n t r a t i o n  o f  
t h e  a n t i d o t e .  A p o s i t i v e  c o r r e l a t i o n  was e s t a b l i s h e d  b e tw e e n  
t h e  a b i l i t y  o f  t h e  a n t i d o t e s  t o  a l l e v i a t e  h e r b i c i d e  i n j u r y  t o  
m a i z e  / Zea mays L . /  s e e d l i n g s  a n d  t o  b e e t r o o t  c e l l  m em b ran e .
The r e s u l t s  i n d i c a t e  t h a t  o n e  o f  t h e  m u l t i p l e  s i t e s  o s  
a n t i d o t e  a c t i o n  /K ô m iv e s ,  T .  a n d  D u tk a  F . ,  C e r e a l  R e s .  Commun.> 
1 9 8 0 ,  8 ,  6 2 7 / i s  m e m b r a n e - r e l a t e d .
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CHANGES OF ELECTRIC POTENTIAL AND ION CONCENTRATION DUE TO 
SEPARATED CHARGES IN CLOSED BIOLOGICAL MEMBRANES
„ 1 2
L . Z iraany i  , Gy. G a rab
1 2B i o p h y s i c a l  I n s t i t u t e ,  P l a n t  P h y s i o l o g i c a l  I n s t i t u t e ,  
B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  H u n g a r i a n  Academy o f  S c i e n c e s  
H -6 7 0 1  S z e g e d
I n  t h e  e n e r g y  t r a n s d u c i n g  m em branes  t h e  c o n v e r s i o n  o f  
e n e r g y  s t a r t s  w i t h  a  v e c t o r i a l  c h a r g e  s e p a r a t i o n  g i v i n g  r i s e  
t o  a  t r a n s m e m b r a n e  e l e c t r i c  f i e l d .  The e n e r g i z a t i o n  i s  com­
p l e t e d  by p r o t o n  t r a n s l o c a t i o n  a c r o s s  t h e  m em b ran e .
We h a v e  c a l c u l a t e d  t h e  e l e c t r i c  p o t e n t i a l  o f  s e p a r a t e d  
c h a r g e s  a n d  t h e  v a r i a t i o n  o f  i o n  c o n c e n t r a t i o n s  / a n d  pH/ 
a c r o s s  a n d  a l o n g  t h e  m em brane i n  a  m odel  w h e r e  t h e  d i e l e c t r i c  
m em brane fo rm s  a  s p h e r e  s e p a r a t i n g  two c o m p a r tm e n t s  o f  e l e c t r o ­
l y t e .  The c h a n g i n g  c o n f i g u r a t i o n  o f  t h e  e l e c t r i c  f i e l d  i n  t h e  
m em brane when t h e  c h a r g e  l o c a l i z e d  a t  t h e  d o n o r  s i d e  o f  PS1 
e n t e r s  t h e  i n n e r  a q u e o u s  p h a s e  i s  a  p o s s i b l e  e x p l a n a t i o n  f o r  
t h e  s lo w  r i s i n g  c o m p o n e n t  / p h a s e  b / o f  t h e  e l e c t r o c h r o m i c  
a b s o r b a n c e  c h a n g e  o f  p h o t o s y n t h e t i c  p i g m e n t s .
The c r e a t i o n  o f  a  d i p o l e  may c a u s e  d e p l e t i o n  o f  c a t i o n s  
a n d  a c c u m u l a t i o n  o f  a n i o n s  i n  t h e  e l e c t r o l y t e  o n  t h e  s i d e  o f  
t h e  p o s i t i v e  c h a r g e ,  a n d  t h e  o p p o s i t e  e f f e c t  on  t h e  o t h e r  s i d e .  
T h i s  p r o v i d e s  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  f o r  i o n  pumps 
d e p e n d i n g  o n  t h e i r  l a t e r a l  l o c a t i o n .  Hence t h e  l a t e r a l  v a r i a ­
t i o n  o f  t h e  e l e c t r i c  p o t e n t i a l  a n d  t h e  c o n s e q u e n t  l o c a l  v a r i a ­
t i o n  o f  pH a n d  i o n  c o n c e n t r a t i o n s  a l o n f  t h e  m em brane s u r f a c e  
may r e g u l a t e  t h e  f u n c t i o n i n g  o f  i o n  p u m p s .
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THE CHARGE TRANSPORT BY Na -  К A TPase  IN MODEL MEMBRANES 
P .  Ormos, L .  K e s z t h e l y i
B i o p h y s i c a l  I n s t i t u t e ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -6 7 2 0  S z e g e d
Membrane f r a g m e n t s  c o n t a i n i n g  Na -  К A TPase  w e r e  i s o l a t e d  
f r o m  p i g  k i d n e y .  T h ey  w e r e  i n c o r p o r a t e d  i n t o  m o d e l  m em branes :  
t h e  membrane f r a g m e n t s  w i t h  t h e  Na -  К ATPase a t t a c h  t o  t h e  
m i l l i p o r e  f i l t e r  i m p r e g n a t e d  w i t h  p h o s p h a t i d y l c h o l i n e  i n  a n  
o r i e n t e d  w ay . T h e  e l e c t r i c  p r o p e r t i e s  o f  t h e  m em b ran es  w e re  
m e a s u r e d  w i t h  tw o  e l e c t r o d e s  im m e rse d  i n t o  t h e  e l e c t r o l y t e s  
o n  t h e  two s i d e s  o f  t h e  m em brane .  On a d d i t i o n  o f  ATP t h e  
membrane e x h i b i t s  e l e c t r i c  a c t i v i t y ,  a  c u r r e n t  d u e  t o  t h e  
c h a r g e  t r a n s f e r  c a n  b e  m e a s u r e d .  The e l e c t r i c  p a r a m e t e r s  o f  
t h e  s i g n a l s  w e r e  d e t e r m i n e d .
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LATERAL DIFFUSION MEAS U RE MENT S IN MODEL MEMBRANES 
T . L .  P a l i ,  L . I .  H o r v á th
B i o p h y s i c a l  I n s t i t u t e ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -6701  S z e g e d
I n  a d d i t i o n  t o  t h e  c o n v e n t i o n a l  m o l e c u l a r  d y n a m i c a l  a n d  
s h o r t  r a n g e  o r d e r  m e a s u r e m e n t s ,  s p i n  l a b e l l i n g  e l e c t r o n  s p i n  
r e s o n a n c e  s p e c t r o s c o p y  c a n  a l s o  b e  a p p l i e d  f o r  d e t e r m i n a t i o n  
o f  l a t e r a l  d i f f u s i o n  c o e f f i c i e n t ,  p r o v i d e d  t h e  l a b e l / l i p i d  
r a t i o  i s  h i g h e r  t h a n  1 : 1 0 0  m o l e / m o l e .  The m e th o d  i s  b a s e d  on  
t h e  a n a l y s i s  o f  l i n e b r o a d e n i n g  b r o u g h t  a b o u t  b y  d i p o l a r  
i n t e r a c t i o n  a n d  s p i n  e x c h a n g e .
H e re  we r e p o r t  o u r  f i r s t  r e s u l t s  i n  c o n j u c t i o n  w i t h  
c o m p u t e r - a s s i s t e d  l i n e s h a p e  a n a l y s e s .  The m a in  c o n c l u s i o n s  
c a n  b e  su m m a r iz e d  a s  f o l l o w s :  / 1 /  The p r e v i o u s l y  p u b l i s h e d  
a l g o r i t h n b /S a c k m a n n  a n d  T r e u b l e ,  1 9 7 1 /  h a s  b e e n  g e n e r a l i z e d  
t o  i n c l u d e  m o t i o n a l l y  a v e r a g e d  a n i s o t r o p i c  l i n e s h a p e s .
/ 2 /  I t  i s  o b v i o u s  f ro m  t h e s e  c o m p u t e r  a n a l y s e s  t h a t  o v e r  a 
w id e  r a n g e  o f  t e m p e r a t u r e s  a b o v e  t h e  p h a s e  t r a n s i t i o n  b o t h  
d i p o l a r  i n t e r a c t i o n  a n d  s p i n  e x c h a n g e  make s i g n i f i c a n t  
c o n t r i b u t i o n s  t o  t h e  l i n e  b r o a d e n i n g .  / 3 /  U s in g  d i f f e r e n t  
p o s i t i o n a l  i s o m e r s  o f  s p i n  l a b e l l e d  s t e a r i c  a c i d s  a m o t i o n a l  
p r o f i l e  was f o u n d  w h ic h  c a n  b e  i n t e r p r e t e d  by  t h e  c o m b in e d  
e f f e c t  o f  l a t e r a l  m o t i o n  a n d  i n t r a c h a i n  r o t a t i o n a l  i s o m e r i s m .
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STATISTICAL PHYSICAL MODEL OF THE PHASE TRANSITIONS OF 
LECITHIN MEMBRANES
L . S m e l l e r
B i o p h y s i c a l  I n s t i t u t e ,  Sem m elw eis  M e d i c a l  U n i v e r s i t y ,  H-1444 
B u d a p e s t
I n  t h e  r e c e n t  y e a r s  a  g r e a t  n u m b er  o f  p a p e r s  h a s  d e a l t  
w i t h  t h e  p h a s e  b e h a v i o u r s  o f  s y n t h e t i c  l i p i d  m em branes  made 
f r o m  p h o s p h a t i d y l c h o l i n e s .  I t  i s  w e l l  know n, t h a t  some o f  
th e m  l i k e  d i p a l m i t o y l - p h o s p h a t i d y l c h o l i n e , d i s t e a r o y l - p h o s -  
p h a t i d y l c h o l i n e  h a v e  t h r e e  p h a s e  t r a n s i t i o n s ,  c a l l e d  m a i n - ,  
p r e -  and  s u b t r a n s i t i o n .  Our m odel  d e a l s  w i t h  t h e  l a t t e r  two 
o n e s .
A s t a t i s t i c a l  m e c h a n i c a l  m o d e l  h a s  b e e n  w o rk e d  o u t  t o  
e x p l a i n  t h e  p r e -  a n d  s u b t r a n s i t i o n  o f  t h e  a r t i f i c i a l  l i p i d  
m em branes ,  w h i c h  m o d e l  i s  b a s e d  u p o n  some e x p e r i m e n t a l l y  
p r o v e d  f a c t s .  T he  o r i e n t a t i o n  o f  c h a i n s  b e i n g  " a l l  t r a n s "  
s t a t e  and t h e  i n t e r a c t i o n  b e tw e e n  t h e  e l e c t r i c a l  d i p o l s  o f  
h e a d  g ro u p s  a r e  t a k e n  a c c o u n t .
Our m ode l  i s  a b l e  t o  d e s c r i b e  t h e  g r e a t  h y s t e r e s i s  o f  
t h e  s u b t r a n s i t i o n ,  w h ic h  was f o u n d  i n  DSC a n d  NMR m e a s u r e ­
m e n ts  . U s in g  t h e  m o d e l  i t  c a n  b e  p r o v e d  t h a t  t h i s  i s  a 
c o n s e q u e n c e  o f  t h e  c o u p l i n g  b e tw e e n  t h e  h e a d  g r o u p s  and  
c h a i n s  o f  l i p i d  m o l e c u l e s . We c a n  e x p l a i n  t h e  p a c k i n g  o f  
c h a i n s ,  t h e  ^ r d e r i n g  o f  h e a d  g r o u p s ,  a n d  m o b i l i t y  c h a n g e s  a t  
b o t h  p h a s e  t r a n s i t i o n s .  T h e se  r e s u l t s  a r e  i n  go o d  a g r e e m e n t  
w i t h  t h e  NMR m e a s u r e m e n t s  a v a i l a b l e  i n  t h e  l i t e r a t u r e .
A p p ly in g  t h e  m ode l  t o  l i p i d  m o l e c u l e s  o f  d i f f e r e n t  
c h a i n  l e n g t h ,  a  d e p e n d e n c e  o f  t h e  t r a n s i t i o n  t e m p e r a t u r e  o n  
t h e  c h a i n  l e n g t h  h a s  b e e n  o b t a i n e d .  The t r e n d  o f  t h i s  
d e p e n d e n c e  i s  t h e  same a s  t h a t  o f  t h e  e x p e r i m e n t a l  r e s u l t s .
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THE EFFECT OF GLYCOSAMINOGLYCANS ON LOW-DENSITY LIPOPROTEIN 
/L D L / .  INVESTIGATIONS WITH MODEL MEMBRANE
1 1  2I .  V o szk a  , S .  G y ö rg y i  , M. B i h a r i - V a r g a
1 2B i o p h y s i c a l  I n s t i t u t e ,  U n d  P a t h o l o g i c a l  I n s t i t u t e ,  Semmel­
w e i s  M e d ic a l  U n i v e r s i t y ,  H -1088  B u d a p e s t
LDL p l a y s  a  v e r y  i m p o r t a n t  r o l e  i n  t h e  p a t h o g e n e s i s  o f  
a t h e r o s c l e r o s i s .  An i m p o r t a n t  s t e p  i n  t h e  a t h e r o g e n i c  p r o c e s s  
i s  t h e  i n t e r a c t i o n  o f  LDL w i t h  a r t e r i a l  g l y c o s a m i n o g l y c a n s  
/G A G -s / .  The c o m p le x  f o r m a t i o n  i s  m e d i a t e d  b y  c a l c i u m  i o n s .
As i t  was p u b l i s h e d  e a r l i e r  / B i h a r i - V a r g a /  t h e  GAG-LDL 
i n t e r a c t i o n  a l t e r s  s i g n i f i c a n t l y  t h e  p h a s e  t r a n s i t i o n  te m ­
p e r a t u r e  o f  LDL.
I n  o u r  e x p e r i m e n t s  t h e  p h a s e  t r a n s i t i o n  o f  d i p a l m i t o y l -  
- p h o s p h a t i d y l c h o l i n e  /D P P C /,  o n e  o f  t h e  m a in  c o m p o n e n t s  o f  
LDL w as m e a s u r e d .  From t h e  GAG-s, c h o n d r o i t i n  s u l f a t e - 6  
/CSA- б /  was i n v e s t i g a t e d  w h ic h  i s  t h e  m a in  GAG c o m p o n e n t  i n  
t h e  a r t e r i a l  w a l l .  The m e a s u r e m e n t  was p e r f o r m e d  b y  d i f f e r e n ­
t i a l  s c a n n i n g  c a l o r i m e t r y  /DSC/ t e c h n i q u e  /D u P o n t  9 9 9 /  .
I n  t h e  f i r s t  p a r t  o f  t h e  e x p e r i m e n t s  a t  a  g i v e n  / 5 : 1 /  
w e i g h t  r a t i o  o f  DPPC t o  CSA-6 we c h a n g e d  t h e  am o u n t  o f  C a - i o n s . 
A s a t u r a t i o n  c u r v e  was o b t a i n e d  w i t h  a  s a t u r a t i o n  p o i n t  a t
0 . 1 5  w eigh t%  C a - i o n  t o  DPPC. N e x t  we c h a n g e d  t h e  DPPC t o  CSA-6 
r a t i o ,  f i x i n g  t h e  am o u n t  o f  C a - i o n  a t  0 . 2  w e igh t%  a n d  a t  
0 . 0 5  w eigh t%  i n  t h e  tw o s e r i e s  o f  e x p e r i m e n t s ,  r e s p e c t i v e l y .
The c u r v e s  r e s e m b l e d  t h e  p r e v i o u s  o n e .  The s a t u r a t i o n  p o i n t  
was a t  a b o u t  4 w e ig h t%  CSA-6 t o  DPPC.
C o n c l u s i o n s  :
1 /  C a - i o n s  a r e  n e e d e d  f o r  t h e  f o r m a t i o n  o f  t h e  c o m p le x .
2 /  The c o m p le x  f o r m a t i o n  i s  l i m i t e d  by t h e  c o m p o n e n t  
p r e s e n t  i n  t h e  l o w e s t  c o n c e n t r a t i o n  i n  t h e  s o l u t i o n .
3 /  The o p t i m a l  DPPC:CSA-6 d i s a c c h a r i d e  s u b u n i t : C A  m o la r  
r a t i o  w as  fo u n d  t o  b e  1 8 0 : 1 2 : 5 .
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INTERACTION OF NONIONIC TENZIDES WITH PHOSPHOLIPIDS STUDIED BY 
"CHARGE TRANSFER” CHROMATOGRAPHY
1 2 T .  C s e r h á t i ,  M. S z o g y i
" '"P lan t P r o t e c t i o n  I n s t i t u t e  o f  H u n g a r i a n  Academy o f  S c i e n c e s  
1 0 2 2  B u d a p e s t ,  ^ B i o p h y s i c a l  I n s t i t u t e ,  Sem m elw eis  M e d ic a l  
U n i v e r s i t y ,  H -1 0 8 8  B u d a p e s t
T h i n - l a y e r  c h r o m a t o g r a p h i c  p l a t e s  p r e p a r e d  f ro m  m i x t u r e s  
o f  d i a t o m a c e o u s  e a r t h : K i e s e l g e l  G 2 :1  w e i g h t  r a t i o  w ere  
i m p r e g n a t e d  by 5% p a r a f f i n  o i l  i n  h - h e x a n e .  D i p a l m i t o y l  
p h o s p h a t i d y l  c h o l i n e  /D P P C /,  d i o l e y l  p h o s p h a t i d y l  c h o l i n e  
/DOPC/ a n d  d i p a l m i t o y l  p h o s p h a t i d y l  e t h a n o l a m i n e  /DPPE/ w e re  
c h r o m a t o g r a p h e d  i n  e l u e n t  w a t e r : i - p r o p a n o l  1 1 :9  v o l .  r a t i o .  
N o n y l p h e n y l - e t h y l e n o x i d e ,  t r i b u t h y l p h e n y l - e t h y l e n o x i d e  p o l y ­
m e r s ,  e t h o x y l a t e d  o l e i c  a c i d  d e r i v a t i v e s ,  Tween 2 0 ,  4 0 ,  60 
a n d  80 w e re  a d d e d  t o  t h e  e l u e n t  i n  d i f f e r e n t  c o n c e n t r a t i o n s . 
The n o n i o n i c  t e n z i d e s  f o r m i n g  c o m p le x e s  w i t h  p h o s p h o l i p i d s  
d e c r e a s e d  t h e i r  l i p o p h i l i c i t y , t h e  d e g r e e  o f  l i p o p h i l i c i t y  
d e c r e a s e  was r e l a t e d  t o  t h e  c o m p le x  s t a b i l i t y .
Each t e n z i d e  f o rm e d  c o m p le x e s  w i t h  e a c h  p h o s p h o l i p i d .
T he  co m p lex  f o r m i n g  c a p a c i t y  o f  n o n y l p h e n y l  a n d  t r i b u t h y l ­
p h e n y l - e t h y l e n o x i d e  p o ly m e r s  d i d  n o t  d e p e n d  s i g n i f i c a n t l y  on  
t h e  number o f  e t h y l e n o x i d e  g r o u p s  i n  t h e  t e n z i d e  m o l e c u l e .
T he  h y d r o p h o b i c  p a r t  o f  t e n z i d e s  i n f l u e n c e d  c o n s i d e r a b l y  t h e  
s t r e n g t h  o f  i n t e r a c t i o n .  I n  e a c h  c a s e  t h e  c o m p le x  f o r m in g  
c a p a c i t y  o f  DPPE w as s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  o f  DPPC 
a n d  DOPC p r o v i n g  t h a t  t h e  h e a d  g r o u p s  o f  p h o s p h o l i p i d s  h a v e  
a  p r e p o n d e r a n t  r o l e  i n  t h e  c o m p le x  f o r m a t i o n .
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MOTION OF THE PURPLE MEMBRANE DURING THE PHOTOCYCLE OF 
BACTERIORHODOPSIN
J .  C zêgé
B i o p h y s i c a l  I n s t i t u t e ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -6701  S z e g e d
B a c t e r i o r h o d o p s i n  i s  t h e  o n l y  p r o t e i n  c o n t a i n e d  i n  t h e  
p u r p l e  m em brane o f  H a l o b a c t e r i u m  h a l o b i u m .  As a  p a r t  o f  t h e  
c e l l  m em b ran e ,  i t  p e r f o r m s  a  p r o t o n p u m p in g  f u n c t i o n  v i a  a 
p h o t o c h e m i c a l  c y c l e  w h o se  s t e p s  a r e  i d e n t i f i e d  u s i n g  a b s o r p t i o n  
s p e c t r o s c o p y  a n d  f l a s h  p h o t o l y s i s .  S p e c t r o s c o p i c  m e a s u re m e n ts  
o n  p u r p l e  m em brane a r e  d i s t u r b e d  b y  t h e  l i g h t  s c a t t e r i n g  o f  
t h e  p a r t i c l e s .  S y s t e m a t i c  s t u d y  o f  t h e  s c a t t e r e d  l i g h t  l e a d s  
t o  t h e  o b s e r v a t i o n  t h a t  s c a t t e r i n g  changes d u r i n g  t h e  p h o t o ­
c y c l e ,  a n d  t h a t  t h i s  c h a n g e  d e p e n d s  o n  t h e  f l a s h  p o l a r i z a t i o n ,  
pH, a n d  t h e  s o l v e n t  v i s c o s i t y .  A t h e o r e t i c a l  m o d e l  i s  g i v e n  
t o  e x p l a i n  t h e  e x p e r i m e n t a l  d a t a .  The m o d e l  a s s e r t s  t h a t  t h e  
p u r p l e  m em branes  a r e  b e n t  a n d ,  d u r i n g  t h e  p h o t o c y c l e ,  t h e  
d e g r e e  o f  b e n d i n g  v a r i e s  d u e  t o  t h e  c o n f o r m a t i o n a l  c h a n g e  o f  
t h e  b a c t e r i o r h o d o p s i n  m o l e c u l e s .
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THE STOICHIOMETRY OF THE BACTERIORHODOPSIN PHOTOCYCLE AND
"PROTONCYCLE" IS  NOT CONSTANT: IT  IS  REGULATED BY Ду„+H
x 1 1  2 
Z s .  D a n c sh a z y  , G . I .  Groma , D. O e s t e r h e l t
" ' 'B io p h y s ic a l  I n s t i t u t e ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -6701  S z e g e d ,  ^ M a x - P la n c k -  
I n s t i t u t e  o f  B i o c h e m i s t r y ,  D -8033  M a r t i n s r e i d ,  FRG
An i m p o r t a n t  p a r a m e t e r  o f  a c t i v e  i o n  p u m p in g  s y s t e m s  s u c h  
a s  b a c t e r i o r h o d o p s i n  /BR/ a n d  e l e c t r o n  t r a n s p o r t  c h a i n s  i n  
c h l o r o p l a s t s  a n d  m i t o c h o n d r i a  i s  t h e  s t o i c h i o m e t r y  / S / : t h e  
n u m b e r  o f  i o n s  pum ped p e r  o n e  t u r n o v e r  o f  t h e  s y s t e m .  F o r  BR i t  
w as  r e c e n t l y  p r o v e d  t h a t  t h e  r a t e  o f  t h e  p h o t o c y c l e  i s  c o n ­
t r o l l e d  by AyH+ / e l e c t r o c h e m i c a l  p o t e n t i a l  o f  p r o t o n s / .
I n  t h i s  s t u d y  we p r o v i d e  e x p e r i m e n t a l  e v i d e n c e  f o r  t h e  
c o n t r o l  o f  AyH+ o n  S .  F o r  t h i s ,  t h e  k i n e t i c s  a n d  t h e  a m p l i ­
t u d e s  o f  t h e  pH c h a n g e s  a n d  t h e  М^12 i n t e r m e d i a t e  d e c a y  w e re  
s t u d i e d  i n  H a l o b a c t e r i u m  h a l o b i u m  c e l l  e n v e l o p e  v e s i c l e s  i n  
4M NaCl a t  pH=7. The a b s o r b a n c e  c h a n g e s  o f  BR a n d  a  pH s e n s i ­
t i v e  d ye  / p y r a n i n e ,  80  yM/ u p o n  f l a s h  e x c i t a t i o n  / v2 y s / w e re  
d e t e r m i n e d  i n  a f l a s h - p h o t o l y s i s  s e t u p  / A=450 nm/ . The d i f f e r ­
e n c e  i n  t h e  M -d ecay  c u r v e s  b e t w e e n  two i d e n t i c a l  s a m p l e s ,  b u t  
w i t h  a n d  w i t h o u t  p y r a n i n e  w as u s e d  t o  d e t e r m i n e  t h e  ApH g e n e ­
r a t e d  by BR. I n c r e a s i n g  l e v e l s  o f  AyH+ w e re  g e n e r a t e d  by 
c o n t i n u o u s  g r e e n  b a c k g r o u n d  l i g h t  i l l u m i n a t i o n  f ro m  a A r - i o n  
l a s e r .  R e s u l t s :
1 .  A t  i n c r e a s i n g  b a c k g r o u n d  l i g h t  i n t e n s i t i e s  m ore  a n d  m ore  M 
f o r m e s  i n  s t e a d y  s t a t e .  C o n s e q u e n t l y ,  t h e  f l a s h  p r o d u c e s  l e s s
M. A c c o r d i n g l y ,  ApH g e n e r a t e d  b y  f l a s h  l i g h t  i s  s m a l l e r  i n  t h e  
p r e s e n c e  o f  b a c k g r o u n d  l i g h t .
2 .  H o w ever ,  t h e  d r o p  i n  t h e  pH s i g n a l  i s  much mor p r o n o u n c e d  
t h a n  t h e  d e c r e a s e  i n  M - f o r m a t i o n .  Thus t h e  H+ /M r a t i o s  m e a s u r e d  
/ S / a t  i n c r e a s i n g  AyH+ d e c r e a s e  g r a d u a l l y .
3 .  We p r o p o s e  t h a t  t h e  i n c r e a s i n g  h'i f a v o u r s  a  " n o n -p u m p in g "  
b r a n c h  i n  t h e  p h o t o c y c l e  o f  BR w h ic h  may h a v e  a  r e g u l a t o r y  r o l e .
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MEASUREMENT OF MEROCYANINE 5 4 0  LATERAL DIFFUSION IN THE 
CYTOPLASMIC MEMBRANE
Z s .  B a c s ó ,  I .  R é d a i ,  G. S z a b ó ,  j r .
B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -4012 D e b re c e n
MC540 i s  a  p o t e n t i a l - s e n s i t i v e ,  h y d r o p h o b i c  s t a i n  r e a d i l y  
i n c o r p o r a t i n g  i n t o  t h e  f l u i d  d o m a in s  o f  c e l l u l a r  m e m b ra n e s .  I n  
t h i s  c o m m u n i c a t i o n  we r e p o r t  t h e  r e s u l t s  o f  a n  a n a l y s i s  by  f l o w  
c y t o m e t r y  a n d  f l u o r e s c e n c e  r e c o v e r y  a f t e r  p h o t o b l e a c h i n g  /FRAP/ 
o f  MC540 s t a i n i n g  o f  mouse s p l e e n  c e l l s .  We show t h a t  1 . /  UV 
i l l u m i n a t i o n  o f  t h e  c e l l s  b e f o r e  t h e  a d d i t i o n  o f  t h e  d y e  s i g n i f  
i c a n t l y  e n h a n c e s  s t a i n i n g ;  2 . /  UV p r e t r e a t m e n t  c a u s e s  a n  i n ­
c r e a s e d  p e r m e a b i l i t y  t o w a r d  p r o p i d i u m  i o d i d e ,  H o e c h s t  3 3 3 4 2 ,  
a n d  f l u o r e s c e i n ,  a s  w e l l ;  3 . /  t h e  i n c r e m e n t  i n  MC540 f l u o r e s ­
c e n c e  p r e c e d e s  p e r m e a b i l i z a t i o n  t o  p r o p i d i u m  i o d i d e ;  4 . /  t h e  
e v e n t  o f  p e r m e a b i l i z a t i o n  c a n  b e  v i s u a l i z e d  u n d e r  f l u o r e s c e n t
m i c r o s c o p e  o r  i n  FRAP e x p e r i m e n t s ;  5 . /  a t  room t e m p e r a t u r e  t h e
“ 8 2l a t e r a l  d i f f u s i o n  c o e f f i c i e n t  o f  MC540 i s  a b o u t  1x10  c m / s ;
6 . / t h i s  v a l u e  m a r k e d ly  d i m i n i s h e s  u p o n  l o w e r i n g  t h e  t e m p e r a ­
t u r e  o r  g l u t a r a l d e h y d e  f i x a t i o n  o f  t h e  c e l l s .
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ON THE ROLE OF THE INTERFACIAL WATER; THE HYSTERESIS OF LC
F .  V e tő
B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -7643 P é c s
The i m p o r t a n c e  o f  w a t e r  o r d e r e d  o n  c o l l o i d  s u r f a c e s  i s  
m ore  and  m ore  a p p r e c i a t e d  b o t h  i n  b i o t e c h n i c s  / e . g .  membrane 
s e p a r a t i n g  m e t h o d s ,  t i s s u e  c o m p a t i b i l i t y ,  i n h i b i t i o n  o f  
l i t h i a s i s  a n d  s c l e r o s i s ,  mem brane f u s i o n s ,  t h e  snow p r o d u c i n g  
e f f e c t  o f  P s e u d o m o n a s  s y r i n g a e ,  f r e e z e  r e s i s t a n c e ,  w a t e r  
r e t e n t i o n  o f  m u s c l e  e t c . /  a n d  i n  b i o l o g i c a l  p r o c e s s e s  / e . g .  
a c t i v i t y  a n d  c o n f o r m a t i o n ,  o e d e m a s ,  a n t i b i o t i c s ,  a n e s t h e t i c s ,  
membrane c h a n n e l s  e t c . / .
I f  i n  t h e  p o r e  w a t e r  o f  c e l l o p h a n e  membrane p h a s e  t r a n ­
s i t i o n  o c c u r s  d e p e n d i n g  o n  t e m p e r a t u r e ,  a  c h a r a c t e r i s t i c  
c h a n g e  o f  w a t e r  p e r m e a b i l i t y  / L ^ /  c a n  b e  e x p e c t e d .  The o u t ­
f l o w  from  w a t e r  i n t o  w a t e r  o u t  o f  a  c e l l o p h a n e  s a c k  o f  
a b o u t  10 cin a n d  h e l d  up by a  g a u z e  n e t  was m e a s u r e d  a s  a 
f u n c t i o n  o f  t e m p e r a t u r e  a t  a  c o n s t a n t  h y d r o s t a t i c  p r e s s u r e  
d i f f e r e n c e .  I t  c o r r e s p o n d e d  t o  t h e  t e m p e r a t u r e  d e p e n d e n c e  
o f  f l u i d i t y  b u t  b e tw e e n  1 0 -3 3 °C  a n d  4 3 -5 0 ° C  l e f t - h a n d e d  
a n d  b e tw e e n  3 3 - 4 3°C r i g h t - h a n d e d  h y s t e r e s i s  i s  o b t a i n e d .
T h i s  d i r e c t i o n - d e p e n d e n t  d e v i a t i o n  i s  5 - 1 0  % i n  t h e  v a l u e  
o f  Lp and  a p p e a r s  o n l y  u n d e r  a  c e r t a i n  L^ t h r e s h o l d  v a l u e  
/ p o r e  s i z e / .  I t  w as n o t  d e m o n s t r a b l e  by  e t h a n o l ,  g l y c e r i n e  
a n d  DMSO on  t h e  c e l l o p h a n e ,  b u t  i t  c o u l d  b e  d e m o n s t r a t e d  
by  w a t e r  on  t h e  PVC m em brane, t o o .  The c o n c e p t u a l  i m p o r t a n c e  
o f  i t  -  i f  i t  i s  p r o v e d  l a t e r  -  i s  t h a t  t h e  / m e t a s t a b l e ,  
d i s s i p a t i v e ? /  w a t e r  d o m a in s  a r r a n g e d  o n  s u r f a c e s  r a i s e  t h e  
p o s s i b i l i t y  o f  " m o l e c u l a r  m em ory" .
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THE BIOLOGICAL EFFECT OF THE HeNe LASER RADIATION ON THE HUMAN 
SKIN OF THE FACE USED IN POINT-LIKE AND AREA-LIKE APPLICATIONS
S .  T i s z a ,  B.M. Kövy
MEDICOR Company, H -1389  B u d a p e s t
The HeNe l a s e r  c a l l e d  LASERMED / m a n u f a c t u r e d  b y  MEDICOR/ 
was a p p l i e d  by  t h e  a u t h o r s .  T h i s  i n s t r u m e n t  h a s  a  5 mW o u t p u t  
p o w e r  w i t h  p o l a r i s e d  l i g h t  a t  6 3 2 .8  mm w a v e l e n g t h .
I n  t h e  c o s m e t i c a l  p r a c t i c e  t h e  a f f e c t e d  a r e a s  a r e  
l o c a l i z e d  m a i n l y  on  t h e  f a c e .  On 13 v o l u n t e e r s  t h e  p o i n t - l i k e  
a n d  a r e a - l i k e  a p p l i c a t i o n s  w e re  s t u d i e d ,  i n  t h e  l a t t e r  w i t h  
s p e c i a l  r e s p e c t  t o  t h e  d i r e c t i o n  o f  t h e  " b e a k - l i n e s "  o f  t h e  
s k i n .
B e f o r e  a n d  a f t e r  r a d i a t i o n  t h e  b i o l o g i c a l  r e s p o n s e  was 
f o l l o w e d  by  m e a s u r i n g  s k i n  r e s p i r a t i o n ,  s k i n  t e m p e r a t u r e  a n d  
t h e  e l e c t r i c a l  s k i n  r e s i s t a n c e  l o c a l l y  / o n  t h e  p l a c e  o f  t h e  
r a d i a t i o n /  a n d  n o n - l o c a l l y  / a t  a  d i s t a n t  p l a c e / .  The r e s u l t s  
w e r e  e v a l u a t e d  b y  l i n e a r  d i s c r i m i n a n t - a n a l y s i s .
C o n c l u s i o n s  :
1 .  The e f f e c t s  o f  t h e  p o i n t - l i k e  a n d  t h e  a r e a - l i k e  a p p l i c a t i o n s  
a r e  e q u a l l y  s i g n i f i c a n t .
2 .  The l a s e r - e f f e c t  i s  n o t  r e s t r i c t e d  o n l y  t o  t h e  s p o t  o f  
r a d i a t i o n .
3 .  I n  t h e  c a s e  o f  e l d e r  p a t i e n t s  t h e  l a s e r - t r e a t m e n t  p r o v e d
t o  b e  m ore  e f f e c t i v e  t h a n  i n  t h e  y o u n g e r  g e n e r a t i o n  / 3 7 / .
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COMPARISON OF TUMOR CELL LINES OF DIFFERENT METASTATIC A B IL I­
TIES APPLYING SPECTROSCOPIC METHOD
1 2 - 3  -1  3P .  G ró f  , A. A s z a l ó s  , K. P a l  , Gy. R on to  , K. L a p i s
^ B i o p h y s i c a l  I n s t i t u t e ,  S em m elw eis  M e d ic a l  U n i v e r s i t y ,  H - I 0 8 8  
B u d a p e s t ,  ^ D e p t .  H e a l t h  a n d  Human S e r v . , F ood  a n d  D rug  A d m in . ,  
W a s h in g to n ,  ^ I s t  I n s t i t u t e  o f  P a t h o l o g y  a n d  E x p e r i m e n t a l  C a n c e r  
R e s e a r c h ,  S em m elw eis  M e d ic a l  U n i v e r s i t y ,  H -1 0 8 5  B u d a p e s t
Two L ew is  l u n g  tu m o r  c e l l  l i n e s  w e re  c o m p a r e d ,  u s i n g  ESR 
/ e l e c t r o n s p i n  r e s o n a n c e /  s p e c t r o s c o p y .  F o r  t h e  ESR e x p e r i m e n t s  
t h e  p r e p a r e d  c e l l s  w e r e  s u s p e n d e d  i n  P B S - s o l u t i o n . I n  t h e  
e x p e r i m e n t s  t h e  f l u i d i t y  o f  t h e  l i p i d  r e g i o n ,  t h e  m o b i l i t y  o f  
t h e  p e r i p h e r i a l  p r o t e i n s ,  a n d  t h e  r e d u c t i o n  a b i l i t y  o f  t h e  
c e l l  l i n e s  w e re  c o m p a r e d .
The f l u i d i t y  o f  t h e  l i p i d  p h a s e  was p r o b e d  b y  t h e  s p i n  
l a b e l l e d  f a t t y  a c i d s ,  5 - d o x y l -  a n d  1 6 - d o x y l - s t e a r i c  a c i d  d e ­
r i v a t i v e s ,  a t  tw o  d i f f e r e n t  d e p t h s  r e l a t i v e  t o  t h e  l i p i d  h e a d
g r o u p s .
Our r e s u l t s  show  t h a t  a  f l u i d i t y  d i f f e r e n c e  c a n  b e  d e t e c ­
t e d  a t  t h e  v i c i n i t y  o f  t h e  p o l a r  h e a d  g r o u p  a l o n g  t h e  h y d r o ­
c a r b o n  c h a i n ;  t h e  f l u i d i t y  i s  s m a l l e r  i n  t h e  c e l l  l i n e  o f  
g r e a t e r  m e t a s t a t i c  a b i l i t y .
P r o b in g  t h e  p e r i p h e r i a l  p r o t e i n s  w i t h  s p i n  l a b e l l e d  m a l e -  
i m i d e  d e r i v a t i v e ,  i t  was c o n c l u d e d  t h a t  t h e r e  i s  a  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e  two c e l l  l i n e s .  The m o b i l i t y  o f  t h e  
p e r i p h e r i a l  p r o t e i n s  a n d / o r  t h e  h y d r o p h o b i c i t y  o f  t h e  n e a r e s t  
n e i g h b o u r h o o d  o f  t h e  m o n i t o r  g r o u p  on  t h e s e  p r o t e i n s  i s  s m a l l e r  
f o r  t h e  c e l l  l i n e  w i t h  l e s s  m e t a s t a t i c  a b i l i t y .
M e a s u r in g  t h e  r e d u c t i o n  a b i l i t y  o f  t h e  c e l l  l i n e s ,  i t  was 
o b s e r v e d  t h a t  t h e  r e d u c t i o n  a b i l i t y  o f  t h e  c e l l s  o f  g r e a t e r  
m e t a s t a t i c  a b i l i t y  i s  a b o u t  f o u r  t i m e s  s m a l l e r  t h a n  t h a t  o f  t h e  
c e l l  l i n e  w i t h  s m a l l e r  m e t a s t a t i c  a b i l i t y .
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DISTRIBUTION OF ANIONIC SITES ON SURFACES OF VARIOUS Bl g  
MELANOMA CELL LINES
1 2  1 Z. Somosy , 0 .  C su k a  , G . J .  K ö t e l e s
1 " F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  
R a d i o b i o l o g y  a n d  R a d i o h y g i e n e ,  H-1775 B u d a p e s t
2
N a t i o n a l  I n s t i t u t e  o f  O n c o l o g y ,  H-1122 B u d a p e s t
The d i s t r i b u t i o n  o f  s u r f a c e  n e g a t i v e  c h a r g e s  o f  t h r e e  
В 16 m elanom a c e l l  l i n e s  m e t a s t a s i z i n g  d i f f e r e n t l y  w e r e  s t u d i e d  
by e l e c t r o n m i c r o s c o p y  i n  s i t u  u s i n g  c a t i o n i z e d  f e r r i t i n e  / C F / . 
I n  a l l  t h r e e  В 16 m elanom a c l o n e s  e x a m in e d  t h e  CF b i n d i n g  s i t e s  
w e re  m ore  e x p r e s s e d  on  a p i c a l  p la s m a  membrane r e g i o n s ,  t h a n  
on  b a s a l  o n e s .  The p o l a r i t y  o f  CF b i n d i n g  t o  c e l l  m em branes a s  
r a t i o  o f  p e r c e n t u a l  c o v e r a g e s  o n  a p i c a l  a n d  b a s a l  s u r f a c e s  i n  
t h e  p o o r l y  m e t a s t a s i z i n g  "1 8 "  c l o n e  was 5 . 8  a n d  t h i s  v a l u e  
r e f l e c t e d  t h a t  a t  b a s a l  l o c a l i z a t i o n  no CF b i n d i n g  c o u l d  be  
o b s e r v e d  e x c e p t  f o r  t h e  c e l l - t o - c e l l  j u n c t i o n  a r e a s .  The 
d i s t r i b u t i o n  o f  CF o n  t h e  a p i c a l  r e g i o n  was u n i f o r m .
I n  c e l l  c l o n e s  o f  h i g h  m e t a s t a s i z i n g  c a p a c i t i e s ,  "1 0 a"  
a n d  " 1 2 / 2 "  c l o n e s  t h e  e x t e n t s  o f  p o l a r i t i e s  w e r e  l e s s ,  i . e .
1 .2  a n d  1 . 6 ,  r e s p e c t i v e l y .  T h i s  was m a n i f e s t e d  i n  w e l l  d e t e c t ­
a b l e  d i s t r i b u t i o n  o f  b i n d i n g  s i t e s  b e tw e e n  t h e  a p i c a l  a n d  b a s a l  
s u r f a c e s ,  th o u g h  no  d i f f e r e n c e  was o b s e r v e d  i n  t h e  p e r c e n t u a l ,  
c o v e r a g e  o f  t h e  t o t a l  s u r f a c e s .  On t h e s e  c e l l  c l o n e s  t h e  CF 
was l o c a l i z e d  i n  c l u s t e r s .
T h e s e  o b s e r v a t i o n s  s u g g e s t  a  p o s s i b l e  c o r r e l a t i o n  b e tw e e n  t h e  
p o l a r i z a t i o n  o f  s u r f a c e  c h a r g e s  a n d  t h e  d e g r e e  o f  m e t a s t a t i c  
p o t e n t i a l  o f  v a r i o u s  t u m o r  c e l l s .
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CHARACTERIZATION OF THE PHOTOSYNTHETIC ELECTRON TRANSPORT CHAIN 
IN NORMAL AND PHOTOBLEACHED ANABAENA CYLINDRICA BY FLASH 
SPECTROSCOPY
K. B arab ás , I .  L aczk ó
B i o p h y s i c a l  I n s t i t u t e ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H-6701 S z e g e d
E l e c t r o n  t r a n s p o r t  o f  n o rm a l  a n d  p h o t o b l e a c h e d  A nab aen a  
c y l i n d r i c a  was s t u d i e d  u s i n g  s p e c t r a l  a n d  k i n e t i c  a n a l y s e s  o f  
a b s o r b a n c e  t r a n s i e n t s  i n d u c e d  by s i n g l e  t u r n o v e r  f l a s h e s .  
B e tw e e n  500 a n d  5 8 0  nm tw o p o s i t i v e  b a n d s  (~540  nm; ~566 nm) 
a n d  two n e g a t i v e  b a n d s  (~515 nm; ~554 nm) w e r e  f o u n d .  A b s o r ­
b a n c e  c h a n g e s  a t  515 nm a n d  540  w ere  p a r t l y  c h a r a c t e r i z e d .  
None o f  t h e s e  a b s o r b a n c e  c h a n g e s  r e p r e s e n t  a n  e l e c t r o c h r o m i c  
s h i f t .  A b s o r b a n c e  c h a n g e s  a t  554 nm a n d  566 nm c o r r e s p o n d  t o  
t h e  o x i d a t i o n  o f  c y t o c h r o m e  f  a n d  t h e  r e d u c t i o n  o f  c y to c h ro m e  
b 5 6 3 '  r e s Pe ° t i v e l y . We f o u n d  a  v e r y  s l i g h t  3 - ( 3 , 4 - d i c h l o r o -  
p h e n y l ) — 1 , 1 - d i m e t h y l u r e a  (DCMU) s e n s i t i v i t y  o f  c y to c h r o m e  f  
i n  no rm a l  c e l l s ,  w h i l e  DCMU was c o m p l e t e l y  i n e f f e c t i v e  f o r  
c y to c h ro m e  f  r e d u c t i o n  i n  p h o t o b l e a c e d  c e l l s .  The a b s o r b a n c e  
c h a n g e  o f  c y t o c h r o m e  b g 63 i n c r e a s e d ,  w h i l e  a b s o r b a n c e  c h a n g e  
o f  c y to c h ro m e  f  w as  s m a l l e r  t h a n  i n  n o r m a l  c e l l s .  The 
i n c r e a s e d  C> 2  e v o l u t i o n  i n  p h o t o b l e a c h e d  c e l l s  a n d  t h e  
n e g l i g i b l e  e l e c t r o n  t r a n s p o r t  v i a  c y to c h r o m e  f  s u g g e s t  t h e  
p a r t i c i p a t i o n  o t h e r  e l e c t r o n  a c c e p t o r s  i n  t h e  e l e c t r o n  t r a n s ­
p o r t  c h a i n  o f  p h o t o b l e a c h e d  A nabaena  c y l i n d r i c a .
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MERIDIANS EXPLAINED BY NEUROBIOLOGICAL RESULTS 
F .  S e b e s t y é n
Company f o r  A p p ly in g  C o m p u t a t i o n  T e c h n i c s ,  H-1115 B u d a p e s t
P r e s u m i n g  t h a t  a c u s t i m u l i  a r e  p r o p a g a t e d  p r i m a r i l y  by 
n e r v o u s  m e d ia ,  t h e  r e a l  q u e s t i o n  i s  why f ro m  t h e  a c u p o i n t s  
o n l y  a n d  n o t  f ro m  a n y  o t h e r  p o i n t  o f  t h e  body  s u r f a c e  t h e  
b e n e f i c i a l  e f f e c t s  c a n  b e  e l i c i t e d ?
I n  t h e  e x p l a n a t o r y  m o d e l ,  p o i n t - t o - p o i n t  /Р Т Р /  t y p e  
p r o j e c t i o n s  f ro m  t h e  p e r i p h e r i a l  p o i n t s  a n d  f ro m  t h e  i n n e r  
o r g a n s  t o  t h e  s p i n a l  c o r d ,  a s  w e l l  a s  a  m a n y - to -m a n y  /МТМ/ 
t y p e  p r o j e c t i o n  f ro m  t h e  s p i n a l  c o r d  t o  t h e  s p i n a l  c o r d  
i t s e l f  / r e a l i z e d  by t h e  s y s t e m  o f  t h e  s p i n o s p i n a l  f i b e r s /  
a r e  c o n s i d e r e d .
S o ,  by  t h e  PTP p r o j e c t i o n  t h e  s u r f a c e  o f  t h e  bo d y  a n d  t h e  
i n n e r  o r g a n s  a r e  m apped  o n t o  t h e  s p i n a l  c o r d  i n  s u p e r i m p o s i ­
t i o n ;  a n d  by  t h e  MTM p r o j e c t i o n ,  w i t h  i d e a l  f i b e r s ,  a homo­
g e n e o u s  f o c u s i n g  p h enom enon  w o u ld  t a k e  p l a c e  a l l  o v e r  o n  t h e  
s p i n a l  c o r d .
S i n c e  e v o l u t i o n  c o u l d  n o t  b e  i n v o l v e d ,  t h e  s o - c a l l e d  
i n t r i n s i c  a c u p o i n t s  i n  t h e  s p i n a l  c o r d  a r e  c o n s i d e r e d  t o  b e  
f a i l u r e  p l a c e s  o f  t h e  o n t o g e n e t i c  d e v e l o p m e n t  o f  t h e  f i b e r  
s y s t e m s  o f  t h e  s p i n a l  c o r d .  F u n c t i o n a l l y  t h e  i n t r i n s i c  a c u p o i n t s  
a r e  " h o l e " - s  i n  t h e  h o m o g en eo u s  f o c u s i n g  p h enom enon ,  a n d  t h e  
s p e c i f i c  f i b e r s  c o n n e c t i n g  i n t r i n s i c  a c u p o i n t s  t o  e a c h  o t h e r s  
a r e  t h e  em bodym ents  o f  t h e  m e r i d i a n s .  C o n s e q u e n t l y ,  t h e  p r o p e r  
f i b e r s  o f  PTP o n l y  c o n n e c t  a c u p o i n t s  t o  i n t r i n s i c  a c u p o i n t s .
The lo w e r  r e s i s t a n c e  a t  t h e  a c u p o i n t s  i s  t h o u g h t  t o  b e  
a  r e s u l t  o f  h i g h e r  p e r s p i r a t i o n  l o c a l l y ;  a s  an  e f f e c t  o f  t h e  
i n e q u i l i b r i u m  b e tw e e n  t h e  s y m p a t h e t i c  a n d  p a r a s y m p h a t h e t i c  
i n n e r v a t i o n  c a u s e d  by  t h e  " h o l e " s .
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PSORALEN DERIVATIVES-INDUCED STRUCTURAL CHANGES IN NUCLEOPRO- 
TEINS
K. T ó t h ,  J .  F i d y ,  K. F e h é r
B i o p h y s i c a l  I n s t i t u t e ,  S em m elw eis  M e d ic a l  U n i v e r s i t y ,  H -1088 
B u d a p e s t
S t r u c t u r a l  a s p e c t s  o f  a  n a t u r a l l y  o c c u r r i n g  a n d  t h e r a ­
p e u t i c a l l y  u s e d  p h o t o c h e m i c a l  r e a c t i o n  w e r e  s t u d i e d  i n  o r d e r  
t o  s t u d y  t h e  m o l e c u l a r  c h a n g e s  o f  b i o l o g i c a l  c o n s e q u e n c e s .
D N A - c o n ta in in g  T7 p h a g e  a n d  RNA c o n t a i n i n g  MS2 p h a g e  
n u c l e o p r o t e i n s  /N P /  a s  w e l l  a s  i s o l a t e d  n u c l e i c  a c i d s  /NA/ 
w e r e  e x a m in e d  a s  b i o l o g i c a l  t a r g e t s .  The c h e m i c a l  a g e n t s  w e re  
p s o r a l e n - d e r i v a t i v e s ,  a c t i v e  u n d e r  n e a r -U V  i r r a d i a t i o n .  The 
d o s e -  a n d  w a v e l e n g t h - d e p e n d e n c e  o f  t h e  i r r a d i a t i o n  was t e s t e d .
The d a r k  a n d  p h o t o r e a c t i o n  o f  t h e  p s o r a l e n - N P  or-N A  
s y s t e m s  w ere  e x a m in e d  i n  d i f f e r e n t  b u f f e r  s o l u t i o n s  f ro m  two 
p o i n t s  o f  v i e w s :  t h e  f l u o r e s c e n c e  i n t e n s i t y  a n d  s p e c t r a l  
c h a n g e s  r e p o r t  a b o u t  t h e  a m o u n t  a n d  s t a t e  o f  t h e  f r e e  o r  b o und  
p s o r a l e n  m o l e c u l e s ,  t h e  o p t i c a l  m e l t i n g  t e m p e r a t u r e s  a n d  
c o o p e r a t i v i t y  i n d i c e s  i n d i c a t e  t h e  m o d i f i c a t i o n s  o f  s t r u c t u r e  
o f  NP and  NA.
R e s u l t s :  D ark  c o m p le x e s  a r e  fo rm e d  t h r o u g h  e l e c t r o s t a t i c
a n d  s t a c k i n g  f o r c e s .  U s in g  t h e  m o d e l  o f  McGhee and  v a n  H i p p e l
/ 1 /  t o  d e t e r m i n e  t h e  b i n d i n g  c o n s t a n t s ,  a  d e c r e a s i n g  e f f e c -
t i v i t y  c a n  b e  show n  i n  t e r m s  o f  RNA, MS2 p h a g e ,  DNA, T7 p h a g e ,
f o b  4 ' - a m i n o m e t h y l t r i m e t h y l p s o r a l e n  a s  a g e n t .  H ig h  i o n i c
s t r e n g t h s ( > 0 . 1) o r  t h e  p r e s e n c e  o f  d i v a l e n t  c a t i o n s  (~1 m m ol/1)
h i n d e r  t h e  d a r k - b i n d i n g .  The p h o t o r e a c t i o n  i s  a  t w o - s t e p
p r o c e s s .  The f i r s t  c o v a l e n t  b i n d i n g  i s  fo rm e d  u n d e r  i r r a d i a t i o n
2
o f  e i t h e r  s m a l l  d o s e s  (<1 k J / m  ) a t  340 nra o r  o f  any  d o s e s  a t  
a r o u n d  370 nm. T h i s  f i r s t  s t e p  l e a d s  t o  t h e  d e s t a b i l i z a t i o n  o f  
t h e  NA h e l i x .  A f l u o r e s c e n t  p h o t o p r o d u c t  i s  t o  b e  f o u n d .  The 
s e c o n d  s t e p  i s  a  b i n d i n g  o f  t h e  p s o r a l e n  o n  b o t h  e n d s  t o  NA i n  
c a s e s  when t h e  f u r t h e r  i r r a d i a t i o n  t a k e s  p l a c e  a t  s h o r t e r  
w a v e l e n g t h s  ( - 3 4 0  nm ). The s t a b i l i z a t i o n  o f  t h e  h e l i x  s t r u c t u r e
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o f  NA i s  p r o p o r t i o n a l  t o  t h e  UVA d o s e .  The p r o t e i n  d é n a t u r a t i o n  
i n  N P-s i s  a l s o  i n f l u e n c e d  by  t h e  p h o t o c h e m i c a l  r e a c t i o n .
/ 1 /  McGhee J . D . , v a n  H i p p e l  P . M . , J .  M o l .  B i o l .  86 /1 9 7 4 /  4 6 9 .
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THE EFFECT OF FUROCOUMARINE DERIVATIVES ONTO RNA-PROTEIN 
COMPLEXES
G. C s i k ,  J .  F i d y ,  K. F e h é r
B i o p h y s i c a l  I n s t i t u t e ,  S em m elw e is  M e d ic a l  U n i v e r s i t y ,  H -1088 
B u d a p e s t
P h o t o c h e m o t h e r a p e u t i c  a g e n t s ,  l i k e  f u r o c o u m a r i n e  d e r i v a ­
t i v e s  a r e  w i d e l y  u s e d  i n  t h e  p s o r i a s i s  t h e r a p y .  One o f  t h e  
m o s t  p o w e r f u l  s y n t h e t i c  co m p o u n d s  o f  t h i s  g r o u p  i s  4 ' - a m i n o -  
m e t h y l  -4  , 5 ' ,  8 -  t r i m e t h y l p s o r a l e n e  / AMT/ . The AMT-DNA a n d  
A M T -D N A -pro te in  i n t e r a c t i o n s  h a v e  b e e n  i n v e s t i g a t e d  i n  t h e  
l i t e r a t u r e .  We h a v e  s t u d i e d  t h e  i n f l u e n c e  o f  t h e  AMT b i n d i n g  
o n  t h e  s t r u c t u r e  a n d  b i o l o g i c a l  a c t i v i t y  o f  a n  R N A - p r o te in  
c o m p le x ;  t h e  MS2 b a c t e r i o p h a g e  a n d  i t s  i s o l a t e d  RNA, i n  t h e  
p r e s e n c e  a n d  a b s e n c e  o f  l i g h t .
The p r o c e s s  o f  AMT b i n d i n g  c a n  b e  s t u d i e d  by  f l u o r e s c e n c e  
s p e c t r o s c o p y  b a s e d  on  AMT f l u o r e s c e n c e .  AMT k e p t  i n  d a r k  was 
f o u n d  t o  i n t e r a c t  s t r o n g l y  w i t h  i s o l a t e d  RNA a s  w e l l  a s  i t s  
p r o t e i n  c o m p le x  i n  MS2 b a c t e r i o p h a g e s .  The v a l u e s  o f  a s s o c i a t i o n  
c o n s t a n t s  w e re  s i g n i f i c a n t l y  h i g h e r ,  i n  c o m p a r i s o n  w i t h  t h o s e  
o f  D N A -p ro te in  c o m p l e x e s .  On t h e  o t h e r  h a n d ,  t h e  q u a l i t a t i v e  
a n d  q u a n t i t a t i v e  f e a t u r e s  o f  AMT b i n d i n g  e x p o s e d  t o  l i g h t  
w e r e  fo u n d  t o  b e  d e p e n d e n t  o n  t h e  w a v e le n g th  o f  t h e  e x c i t a t i o n  
l i g h t .
The b i n d i n g  e f f e c t  o n  t h e  b i o l o g i c a l  a c t i v i t y  o f  b a c t e r i o ­
p h a g e s  t r e a t e d  w i t h  AMT s o l u t i o n s  was i n v e s t i g a t e d  b y  t h e
- 4m e th o d  d e s c r i b e d  e a r l i e r  / 1 / .  I n  t h i s  s t u d y  10  m o l / 1  AMT 
s o l u t i o n s  w e r e  u s e d  an d  t h e  p l a q u e  f o r m in g  a b i l i t y  was c h e c k e d  
i n  d e p e n d e n c e  o f  i n c u b a t i o n  t i m e .  The e f f e c t  o f  AMT s o l u t i o n s  
e i t h e r  e x p o s e d  t o  l i g h t  a t  370  nm f o r  3 h o u r s  o r  k e p t  i n  d a rk  
b e f o r e  a d d i n g  t h e  p h a g e s  w as c o m p a r e d .  The i n c u b a t i o n  was 
c a r r i e d  o u t  i n  d a r k  a t  room  t e m p e r a t u r e  f o r  1 ,  2 a n d  3 h o u r s .
We fo u n d  t h a t  t h e  AMT s o l u t i o n  e x p o s e d  t o  l i g h t  s i g n i f i c a n t l y  
d e c r e a s e d  t h e  m u l t i p l i c a t i o n  c a p a b i l i t y  o f  b a c t e r i o p h a g e s ,  w h i l e  
t h e  AMT s o l u t i o n ,  p r e p a r e d  f r e s h l y  and  k e p t  i n  d a r k  h a d  no
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s i m i l a r  e f f e c t  o n t o  MS2 p h a g e s .  T h u s ,  t h e  p o s s i b l e  m u t a g e n i c  
s i d e  e f f e c t s  o f  t h i s  t h e r a p e u t i c  t r e a t m e n t  m u s t  be  c o n s i d e r e d .
/ 1 /  Gy. R o n tó :  B a k t e r i o f á g o k  é s  r é s z r e n d s z e r e i k  p o n t s z e r ű  
s é r ü l é s e ,  D .S c .  T h e s i s ,  B u d a p e s t ,  1 9 7 9 .
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COMPARATIVE LUMINESCENCE STUDIES ON THE INTERNAL DYNAMICS OF 
DEPHOSPHORYLATED AND PHOSPHORYLATED FORMS OF GLYCOGEN 
PHOSPHORYLASE
I .  S e r e s ,  B. S o m o g y i , J .  M atkó
B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -4 0 1 2  D e b re c e n
Nowadays t h e  b i o c h e m i c a l  a n d  s t r u c t u r a l  d i f f e r e n c e s  
b e t w e e n  p h o s p h o r y l a t e d  / а /  a n d  d e p h o s p h o r y l a t e d  / Ь /  fo rm s  o f  
g l y c o g e n  p h o s p h o r y l a s e  a r e  o f  s p e c i a l  i n t e r e s t  w i t h  r e s p e c t  t o  
c a t a l y t i c  a n d  r e g u l a t o r y  m e c h a n is m  o f  t h i s  e n z y m e .  The v e r y  
e f f e c t i v e  X - r a y  c r y s t a l l o g r a p h i c  m e th o d ,  h o w e v e r ,  h a s  b e e n  
l i m i t e d  so  f a r  t o  t h e  i n a c t i v e  T f o r m  o f  t h e  e n z y m e . A t t h e  
sam e t i m e ,  s p e c t r o s c o p i c  m e th o d s  w e re  a b l e  t o  show  num erous  
t r a n s i e n t  c o n f o r m a t i o n s  i n  s o l u t i o n .  T h e se  f a c t s  a n d  t h e  
d i f f e r e n c e  i n  t h e  o l i g o m e r i c  s t r u c t u r e s  o f  a  a n d  b fo rm s  
n e c e s s i t a t e  d e t a i l e d  c o m p a r a t i v e  s t u d i e s  o f  c o n f o r m a t i o n a l  
d y n a m ic s  i n  s o l u t i o n .
F i r s t  we s t u d i e d  t h e  o v e r a l l  m o t i l i t y  o f  t h e  p r o t e i n  
m a t r i x  i n  t h e  tw o  fo rm s  by  f l u o r e s c e n c e  t e c h n i q u e s . F ö r s t e r -  
- t y p e  r e s o n a n c e  e n e r g y  t r a n s f e r  /Trp->PLP/ a n d  q u e n c h i n g  o f  
TRP e m i s s i o n  w e r e  u s e d  t o  i n v e s t i g a t e  i n t e r n a l  d y n a m ic s  o f  
t h e  p r o t e i n  s t r u c t u r e .  The c o v a l e n t l y  a c t i v a t e d  a  fo rm  showed 
a  r e d u c e d  o v e r a l l  m o t i l i t y  a s  c o m p a re d  t o  t h e  n u c l e o t i d e  
a c t i v a t e d  b f o r m  on  t h e  b a s i s  o f  a c t i v a t i o n  e n e r g i e s  o b t a i n e d  
f o r  t h e  q u e n c h i n g  b y  a c r y l a m i d e .  R e s u l t s  o f  t e m p e r a t u r e -  
- d e p e n d e n t  e n e r g y  t r a n s f e r  i n v e s t i g a t i o n s  l e d  t o  t h e  same 
c o n c l u s i o n .  Coenzym e PLP f l u o r e s c e n c e  q u e n c h i n g  e x p e r i m e n t s  
a l s o  r e p o r t e d  d i f f e r e n c e s  b e tw e e n  t h e  two e n z y m e - f o r m s .
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TRANSIENT ABSORPTION AND EMISSION OF SCHIFF-BASE COMPOUNDS 
AND THEIR APPLICATION TO STUDIES ON ROTATIONAL MOBILITY OF 
PROTEINS
J. M a tk ó ^ ,  T.M. J o v i n ^
■'“B i o p h y s i c a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H -4012  D e b re c e n  
2
M a x -P la n c k  I n s t i t u t e  f ü r  b i o p h y s i k a l i s c h e  C h e m ie ,  G ö t t i n g e n ,  
BRD
S lo w  r o t a t i o n a l  m o t i o n s  o f  m e m b ra n e -b o u n d  p r o t e i n s  o r  
n u c l e i c  a c i d s  a r e  o f  s p e c i a l  i n t e r e s t  i n  c e l l - b i o p h y s i c s ,  s i n c e  
c h a r a c t e r i s t i c  p a r a m e t e r s  o f  t h e s e  m o t i o n s  may r e f l e c t  i n t e r ­
a c t i o n s  a n d  o r i e n t a t i o n s  o f  t h e s e  m a c r o m o l e c u l e s  a s  w e l l  a s  
t h e  p r o p e r t i e s  o f  t h e i r  e n v i r o n m e n t .  The m e th o d s  d e v e l o p e d  s o  
f a r  t o  s t u d y  t h e s e  m o t i o n s  / e . g .  p h o s p h o r e s c e n c e  a n i s o t r o p y ,  
a b s o r p t i o n  d i c h r o i s m / a r e  b a s e d  on  t h e  u s e  o f  d i f f e r e n t  t r i p l e t  
p r o b e s .  We h a v e  shown t h a t  PLP- o r  s a l y c i l i d e n  c o m p le x e s  o f  
p r o t e i n s  u n d e r g o  e x c i t e d  s t a t e  p r o t o n  —t r a n s f e r  r e a c t i o n  
f o r m i n g  a  l o n g - l i v e d  / p s - m s /  m e t a s t a b l e  s i n g l e t  s t a t e .  The 
l a t t e r  show s c h a r a c t e r i s t i c  t r a n s i e n t - a b s o r p t i o n  a n d  f l u o r ­
e s c e n c e  w hose  l i f e t i m e  a n d  i n t e n s i t y  a r e  v e r y  s e n s i t i v e  t o  
e n v i r o n m e n t a l  p o l a r i t y ,  t h e r e f o r e  t h e  m e th o d  i s  a p p l i c a b l e  
t o  s t u d y  l o c a l  c o n f o r m a t i o n a l  c h a n g e s  o f  p r o t e i n s ,  a s  w e l l .
They a r e ,  h o w e v e r ,  n o t  s e n s i t i v e  t o  t h e  p r e s e n c e  o f  o x y g e n ,  
w h ic h  e l i m i n a t e s  t h e  t e c h n i c a l  p r o b le m s  c o u p l e d  t o  o x y g e n -  
- s e n s i t i v i t y  o f  t r i p l e t  p r o b e s .  U s in g  p o l a r i z e d  l a s e r  b eam s,  
d e t e c t i o n  o f  a n i s o t r o p y  d e c a y  o f  t h e  t r a n s i e n t  f l u o r e s c e n c e  
o f  t h e s e  p r o b e s  a l l o w s  a n  a d v a n t a g e o u s  d e t e r m i n a t i o n  o f  
r o t a t i o n a l  r e l a x a t i o n  t i m e s  f o r  mem brane b o u n d  p r o t e i n s  a s  
w e l l .
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LIGHT INDUCED PICOSECOND CHARGE MOVEMENT IN PROTEINS
1 2 „ 1 G . I .  Groma , G. S zab ó  , Gy. V áró
^ B i o p h y s i c a l  I n s t i t u t e ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -6 7 0 1  S z e g e d ,  i n s t i t u t e  o f  
E x p e r i m e n t a l  P h y s i c s ,  J ó z s e f  A. U n i v e r s i t y  o f  S c i e n c e s ,  
H -6 7 2 0  S z e g e d
R e c e n t  d e v e l o p m e n t s  i n  t h e  g e n e r a t i o n  o f  p i c o s e c o n d  a n d  
s u b p i c o s e c o n d  l a s e r  p u l s e s  made p o s s i b l e  t h e  s t u d y  o f  u l t r a ­
f a s t  p r o c e s s e s  i n  p r o t e i n s .  P r i m a r y  c h a r g e  s e p a r a t i o n  i n  
p h o t o s y n t h e s i s ,  l i g h t  e n e r g y  t r a n s d u c t i o n  i n  r h o d o p s i n  a n d  
b a c t e r i o r h o d o p s i n ,  p h o t o d i s s o c i a t i o n  o f  l i g a n d s  i n  heme 
p r o t e i n s ,  e t c .  w e re  f o u n d  t o  t a k e  p l a c e  i n  p i c o s e c o n d  t im e  
s c a l e .  Though a l l  t h e  a b o v e  p r o c e s s e s  i n c l u d e  some c h a r g e  
m o v em en t ,  t h e y  w e r e  i n v e s t i g a t e d  g e n e r a l l y  b y  p u r e  o p t i c a l  
m e t h o d s .  H e re  we a r e  p r e s e n t i n g  a n  e x p e r i m e n t a l  t e c h n i q u e  
s u i t a b l e  f o r  t h e  d i r e c t  e l e c t r i c a l  d e t e c t i o n  o f  p i c o s e c o n d  
c h a r g e  m o t io n s  i n  o r i e n t e d  b i o l o g i c a l  s a m p l e s . The t i m e  
r e s o l u t i o n  o f  o u r  m e th o d  i s  by a n  o r d e r  o f  m a g n i t u d e  g r e a t e r  
t h e n  t h a t  o f  a n y  p r e v i o u s  o n e .  The m e th o d  was a p p l i e d  f o r  
t h e  s t u d y  o f  t h e  p r i m a r y  c h a r g e  s e p a r a t i o n  i n  t h e  p u r p l e  
mem brane o f  b a c t e r i o r h o d o p s i n .
D r i e d  o r i e n t e d  p u r p l e  m em brane s a m p le s  дате m o u n te d  o n t o  
a  hom e-made 50  ohm c o a x i a l  e l e c t r o d e  s y s t e m .  The s a m p le s  w e re  
e x c i t e d  by t h e  55 p s  p u l s e s  o f  a  d i s t r i b u t e d  f e e d b a c k  d ye  
l a s e r .  The e l e c t r o d e  s y s t e m  was d i r e c t l y  c o n n e c t e d  t o  t h e  
s a m p l i n g  h e a d  o f  a  14 GHz s a m p l i n g  o s c i l l o s c o p e  / r i s e  t i m e  
25 p s / .  The o u t p u t  s i g n a l  o f  t h e  o s c i l l o s c o p e  w as d i g i t a l i z e d  
a n d  a v e r a g e d  i n  a  m u l t i c h a n n e l  a n a l y z e r .  C o m p u te r  s i m u l a t i o n  
o f  t h e  r e s p o n s e  o f  t h e  m e a s u r i n g  s y s t e m  t o  a n  e x p o n e n t i a l l y  
d e c a y i n g  c h a r g e  m o t io n  i n s i d e  t h e  s a m p le  was c a r r i e d  o u t  f o r  
d i f f e r e n t  d e c a y  c o n s t a n t s .  C o m p a r in g  t h e  t h e o r e t i c a l  c u r v e s  
w i t h  t h e  e x p e r i m e n t a l  o n e s  we f o u n d  t h e  b e s t  f i t  a t  a  t im e  
c o n s t a n t  o f  3 0 - 1 0  p s .  T h i s  c o r r e l a t e s  w e l l  w i t h  t h e  o p t i c a l l y  
m e a s u r e d  1 1 -1 6  p s  f o r m a t i o n  t i m e  o f  t h e  К i n t e r m e d i a t e  o f  
b a c t e r i o r h o d o p s i n  p h o t o c y c l e .  S i n c e  o p t i c a l  m e a s u r e m e n t s
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p r e d i c t  e v e n  f a s t e r  c h a r g e  m ovem ents  a  f a s t e r  m e a s u r i n g  s y s t e m  
i s  u n d e r  c o n s t r u c t i o n  i n  o u r  l a b o r a t o r y .
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THE MECHANISM OF PROTON CONDUCTION IN LECITHINS 
I .  S z u n d i
B i o p h y s i c a l  I n s t i t u t e ,  B i o l o g i c a l  R e s e a r c h  C e n t e r  o f  t h e  
H u n g a r i a n  Academy o f  S c i e n c e s ,  H -6701  S z e g e d
I n  t h e  e x p e r i m e n t a l  s u p p o r t  o f  t h e  a p p l i c a t i o n  o f  s e m ic o n ­
d u c t i o n  c o n c e p t  i n  b i o l o g y  a n  i m p o r t a n t  r o l e  h a s  b e e n  g i v e n  to  
t h e  e l e c t r i c a l  c o n d u c t i o n  s t u d i e s .  H ow ever,  m e a s u r e m e n t s  
p r o v i n g  u n a m b ig u o u s ly  t h e  e l e c t r o n i c  n a t u r e  o f  c o n d u c t i o n  i n  
h y d r a t e d  b i o l o g i c a l  m a t e r i a l s ,  p a r t i c u l a r l y  i n  l i p i d s ,  h a v e  
n o t  b e e n  c o n d u c t e d .  T h e r e f o r e ,  t h e  e x p e r i m e n t a l  p r o o f  o f  t h e  
s e m i c o n d u c t o r  b e h a v i o u r  o f  l i p i d s  c a n  n o t  be  c o n s i d e r e d  a s  
c o m p l e t e d .
To e s t a b l i s h  t h e  n a t u r e  o f  c o n d u c t i o n  we u n d e r t o o k  im ped 
a n c e  m e a s u r e m e n t s ,  e l e c t r o l y s i s  an d  t h e r m o e l e c t r i c  i n v e s t i g a ­
t i o n s  on  l e c i t h i n s  a t  d i f f e r e n t  h y d r a t i o n  l e v e l s  a n d  t e m p e r a ­
t u r e s .  I t  was f o u n d  t h a t  t h e  c o n d u c t i o n  was n o t  e l e c t r o n i c ,  b u t  
p r o t o n i c  i n  n a t u r e .
From t h e  r e s u l t s  o f  t h e  t h e r m o e l e c t r i c  m e a s u r e m e n t s  t h e  
e n e r g y  o f  p r o t o n  g e n e r a t i o n  w as e s t i m a t e d .  The e n e r g y  o f  c h a r g e  
g e n e r a t i o n  d i d  n o t  d e p e n d  o n  t h e  num ber o f  a d s o r b e d  w a t e r  
m o l e c u l e s  b u t  i t  was d e p e n d e n t  o n  t h e  p h a s e  s t a t e  o f  t h e  l i p i d .  
I t  was s m a l l e r  i n  t h e  g e l  s t a t e ,  a r o u n d  1 5 -1 9  k J / m o l ,  a n d  
3 5 - 3 7  k J /m o l  i n  t h e  l i q u i d - c r y s t a l l i n e  s t a t e .  T he  p r o c e s s  o f  
c h a r g e  g e n e r a t i o n  c a n  b e  e x p l a i n e d  by  t h e  i n t e r a c t i o n  o f  w a t e r  
w i t h  t h e  p h o s p h a t e  g r o u p  o f  t h e  l e c i t h i n  m o l e c u l e .  From  t h e  
a c t i v a t i o n  e n e r g y  o f  c o n d u c t i o n  t h e  a c t i v a t i o n  e n e r g y  o f  c h a r g e  
m o b i l i t y  was a l s o  e s t i m a t e d .  I t s  v a l u e  v a r i e d  i n  a  w id e  r a n g e  
d e p e n d i n g  on  t h e  w a t e r  c o n t e n t ,  a n d  i t  was i n f l u e n c e d  m a in ly  
b y  t h e  m o b i l i t y  o f  t h e  l e c i t h i n  h e a d  g r o u p s .  A c c o r d i n g  t o  o u r  
v i e w ,  s t r u c t u r e  u n i t s  c o n s i s t i n g  o f  s e v e r a l  w a t e r  m o l e c u l e s  
a r e  i n v o l v e d  i n  t h e  c o n d u c t i o n  p r o c e s s .
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LIGNOCELLULASE PRODUCTION ON AGRICULTURAL WASTES
K. Z e t e l a k i - H o r v á t h ,  G. V e r e c z k e y ,  M. Németh 
C e n t r a l  F ood  R e s e a r c h  I n s t i t u t e ,  H -1022  B u d a p e s t
W h i te  r o t  f u n g i  a r e  c o n s i d e r e d  t o  be  g o o d  l i g n o c e l l u l o s e  
d e g r a d e r s ,  b u t  d i f f e r e n t  s p e c i e s  d e c a y  t h e  v a r i o u s  c o m p o n e n ts  
o f  l i g n o c e l l u l o s e s  a t  d i f f e r e n t  r a t e s .  As P h a n e r o c h e t e  s p e c i e s  
p r e f e r e n t i a l l y  d e g r a d e  l i g n i n  t o  c e l l u l o s e ,  t h i s  o r g a n i s m s  
w e re  c h o s e n  i n  o u r  work f o r  t h e  p r o d u c t i o n  o f  l i g n o l y t i c  
enzym e, u s i n g  l i g n o c e l l u l o s e - c o n t a i n i n g  a g r i c u l t u r a l  w a s t e s  
a s  s u b s t r a t e .
F o r  t h e  enzym e p r o d u c t i o n  a  s p e c i a l  s o l i d - c o n t i n u o u s
f e r m e n t a t i o n  m e th o d  was b e e n  u s e d ,  d e v e l o p e d  / Z e t e l a k i - H o r v á t h ,
1 9 8 4 /  f o r  t h i s  v e r y  p u r p o s e  p r e v i o u s l y .  A t u b u l a r  f e r m e n t o r
was f i l l e d  w i t h  g ro u n d  c o r n s t a l k s ,  c o m p l e t e d  w i t h  b i o s
m a t e r i a l s  a n d  m i n e r a l s  a n d  w as  i n o c u l a t e d  by  s h a k e n  c u l t u r e
o f  P h a n e r o c h e t e  c h r y s o s p o r i u m  /АТСС 3 2 6 2 9 / .  A f t e r  c o l o n i z a t i o n
o f  t h e  s u b s t r a t e  by t h e  o r g a n i s m ,  a d d i t i o n  o f  m i n e r a l  s o l u t i o n
3 3h a s  b e e n  s t a r t e d  a t  f lo w  r a t e s  o f  50  cm / h  a n d  600  cm / h  i n
3
t h e  6 a n d  40  dm f e r m e n t o r s ,  r e s p e c t i v e l y .  The c o n t i n u o u s l y  
c o l l e c t e d  e f f l u e n t  h a d  r a t h e r  h i g h  enzym e a c t i v i t i e s  ( f i l t e r  
p a p e r  / F P - a s e / ,  c a r b o x i m e t h y l c e l l u l a s e  /СМС- a s e / ,  l i g n o l y t i c  
a c t i v i t y  / L C - a s e ,  e x p r e s s e d  a s  l i g n i n  l o s s  o f  s t r a w  a f t e r  
t r e a t m e n t / ) .
R e s u l t s  o b t a i n e d  i n  t h e  f i r s t  a n d  t h e  f i n a l  p a r t s  o f  t h e
3
c u l t i v a t i o n  i n  t h e  6 an d  40 dm f e r m e n t o r s :
Volume C u l t i v a t i o n F p - a s e CMC-ase.. L C -a s e
dm^ p e r i o d  ( h ) (m g/cur) ( d m ^/h .d ir r ) (%)
a.
6 7 -4 5 2 .9 4 15810 28 .0
1 4 5 - 2 9 0 1 . 8 6 - 0 . 8 6 8 6 9 4 -5 6 9 0 3 2 . 4 - 4 0 . 0
9 5 -1 6 9 4 . 4 0 - 3 . 5 3 2 5 0 6 0 -1 3 4 6 0 0 . 6 - 1 . 6
40
2 2 0 -3 1 3 0 . 8 8 - 0 . 5 9 4 1 1 1 -3 2 6 6 2 1 . 0 - 2 4 . 0
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The a c t i v i t y  o f  l i g n o c e l l u l a s e  h a s  b e e n  s t u d i e d  o n  
n a t i v e  s t r a w  a n d  c r a f t  l i g n i n  / I n d u l i n  АТ/ s u b s t r a t e s .
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LIGNIN DECOMPOSITION BY LIGNOLYTIC ENZYME COMPLEX 
G. V e r e c z k e y ,  K. Z e t e l a k i - H o r v á t h ,  M. N é m e th ,  K. Domokos-Lux 
C e n t r a l  Food R e s e a r c h  I n s t i t u t e ,  H -1022 B u d a p e s t
I t  i s  w e l l  known t h a t  t h e  d i g e s t i b i l i t y  o f  l i g n o c e l l u l o s e s  
c a n  b e  i n c r e a s e d  by  d e c r e a s i n g  t h e i r  l i g n i n  c o n t e n t .
The a im  o f  o u r  work w as t o  e l a b o r a t e  a  m e th o d  f o r  t h e  
d e t e r m i n a t i o n  o f  t h e  l i g n i n  d e c o m p o s in g  a c t i v i t y  o f  t h e  
enzym e c o m p le x  p r o d u c e d  a t  t h e  B i o e n g i n e e r i n g  D e p a r tm e n t  by 
P h a n e r o c h e t e  c h r y s o s p o r i u m , u s i n g  a  s p e c i a l  s o l i d  c o n t i n u o u s  
f e r m e n t a t i o n  / Z e t e l a k i - H o r v á t h ,  1 9 8 4 / .
The l i g n i n  d e c o m p o s i t i o n  by  t h e  enzym e c o m p le x  was d e t e r ­
m in e d  by t h e  d e c r e a s e  i n  l i g n i n  c o n t e n t  o f  s t r a w  a n d  c o r n s t a l k s  
b e f o r e  a n d  a f t e r  enzym e t r e a t m e n t .  The s o d iu m  c h l o r i t e  
/ C o l l i n g s  e t  a l . ,  1 9 7 8 /  a n d  t h e  Van S o e s t  / 1 9 6 3 /  m e th o d s  w e re  
u s e d ,  a n d  t h e i r  r e s u l t s  c o m p a r e d .  L i g n i n  d e t e r m i n a t i o n  was 
c o n t i n u e d  by  i n s t r u m e n t a l  m e t h o d ,  u s i n g  t h e  a u t o m a t i c  
F i b e r t e c  e q u i p m e n t  / T e c a t o r ,  S w e d e n / ,  w h ic h  i n c r e a s e d  t h e  
r e l i a b i l i t y  o f  t h e  d e t e r m i n a t i o n s .
L i g n i n  d e c o m p o s i t i o n  o f  t h e  enzyme c o m p le x  o n  n a t u r a l  
s t r a w  v a r i e d  b e tw e e n  15-30% / i n c u b a t i o n :  24 h a t  3 0 ° C / .
F o r  l i g n i n  d e t e r m i n a t i o n  t h e  n e a r  i n f r a r e d  r e f l e c t a n c e  
t e c h n i q u e  was a l s o  t e s t e d  b y  a n  INFRAPID 61 e q u i p m e n t  /LABOR 
MIM, B u d a p e s t / ,  when c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  t h e  
so d iu m  c h l o r i t e  l i g n i n  a n d  t h e  p h y s i c a l  p a r a m e t e r s  p r o v e d  t o  
b e  0 . 9 3 .
A s p e c t r o p h o t o m e t r i c  m e th o d  h a s  b e e n  d e v e l o p e d  f o r  t h e  
a c t i v i t y  m e a s u r e m e n t  o f  t h e  l i g n o l y t i c  enzym e c o m p le x ,  u s i n g  
c r a f t  l i g n i n  / I n d u l i n  АТ/ a s  s u b s t r a t e .  A f t e r  24 h o u r  i n c u b a ­
t i o n  a  l i g n i n  d e c r e a s e  o f  5 - 2 5  % was f o u n d  u s i n g  a  0 . 5  p e r  
c e n t  I n d u l i n  s u s p e n s i o n  a n d  a n  enzyme c o n c e n t r a t i o n  o f  0 . 5 - 2  
p e r  c e n t .
Acta Biochimica et Biophysica Academiae Scientiarum Hungaricae 20, 1985
110
COMPUTER MODELING STUDIES FOR PROGNOSTICATION OF THE EFFEC­
TIVENESS OF STABLE IODINE PROPHYLAXIS
1 2 - 1 I .  T u r a i  , H. T o i v o n e n  , B. K a n y a r
1 " F r é d é r i c  J o l i o t - C u r i e "  N a t i o n a l  R e s e a r c h  I n s t i t u t e  f o r  R a d io -  
b i o l o g y  an d  R a d i o h y g i e n e ,  H -1775 B u d a p e s t
^ F i n n i s h  C e n t r e  f o r  R ad . a n d  N u c l . S a f e t y ,  H e l s i n k i ,  F i n l a n d
The a im  o f  o u r  c o m p u t e r  m o d e l in g  s t u d i e s  was t h e  e l a b o r ­
a t i o n  o f  a  way o f  e x a c t  p r o g n o s t i c a t i o n  o f  t h e  e f f e c t i v e n e s s  
o f  s t a b l e  i o d i n e  p r o p h y l a x i s  u s e d  t o  p r e v e n t  t h y r o i d  g l a n d  
r a d i a t i o n  dam age r e s u l t i n g  f ro m  a c c i d e n t a l  r a d i o i o d i n e  i n c o r ­
p o r a t i o n .  We s t u d i e d  i f  o u r  m e th o d ,  i . e .  t h e  p r o g r a m  we 
d e v e l o p e d  a c c o r d i n g  t o  J o h n s o n ' s  m o d i f i e d  v e r s i o n -1 o f  R ig g s  
i o d i n e  k i n e t i c s  m o d e l ,  a d e q u a t e l y  p e r m i t t e d  m o d e l i n g  o f  i o d i n e  
m e t a b o l i s m  p e r t u r b e d  by  a p p l i c a t i o n  o f  s t a b l e  i o d i n e  d e p e n d in g  
o n  t h e  a v e r a g e  d a i l y  i o d i n e  i n t a k e  a n d  schem e  o f  i o d i n e  
p r o p h y l a x i s . D e c r e a s e  o f  t h y r o i d  g l a n d  r a d i a t i o n  b u r d e n  was 
c a l c u l a t e d  o n  b a s i s  o f  r e s i d e n c e  t i m e s  a s  d e t e r m i n e d  by t h e  
p r o g r a m .  Our r e s u l t s  p r o v e  t h a t  t h e  p r o t e c t i v e  e f f e c t  o f  
s t a b l e  i o d i n e  p r o p h y l a x i s  was l e s s  i n  p o p u l a t i o n  l i v i n g  i n  
a r e a s  o f  l o w e r  i o d i n e  s u p p l y .  W h ile  t h e  r a d i a t i o n  b u r d e n  o f  
t h y r o i d  g l a n d  i n c r e a s e d  w i t h  t h e  e l e v a t i o n  o f  t h e  i n t e r v a l  
b e tw e e n  r a d i o a c t i v e  a n d  s t a b l e  i o d i n e  a p p l i c a t i o n ,  w i t h  t h e  
i n c r e a s e  o f  i o d i n e  d o s e s  a p p l i e d  a t  t h e  same i n t e r v a l s ,
t h y r o i d  g l a n d  d o s e  d e c r e a s e d  o n l y  s l i g h t l y .  O ur d a t a  s u p p o r t  
2
t h e  r e s u l t s  o f  hum an  e x p e r i m e n t s ,  so  we t h i n k  o u r  p r o g r a m  
s u i t a b l e  f o r  t h e  p r o g n o s t i c a t i o n  o f  t h e  e f f i c i e n c y  o f  s t a b l e  
i o d i n e  p r o p h y l a x i s .
1 .  J o h n s o n  J . R . , J .  R a d i o a n a l .  Chem. 1 - 2 .  2 2 3 .  1 9 8 1 .
2 .  NCRP, R e p o r t  N o . 5 5 ,  W a s h in g to n  D .C . 1 9 7 7 .
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TEACHING BIOPHYSICS AT THE RADNÓTI MIKLÓS GRAMMAR SCHOOL
1 1 2  3B . G ál , J .  B á n f a l v i  , P .  Ormos , A. T ö rö k
1 2
R a d n ó t i  M. Gramma: S c h o o l ,  B i o p h y s i c a l  I n s t i t u t e ,  B i o l o g i c a l  
R e s e a r c h  C e n t e r  o f  t h e  H u n g a r i a n  Academy o f  S c i e n c e s ,  
^ B io c h e m ic a l  I n s t i t u t e ,  M e d ic a l  U n i v e r s i t y ,  H-6 701 S z e g e d
A t o u r  g ram m ar  s c h o o l  b i o p h y s i c s  t e a c h i n g  b e g a n  i n  t h e  
au tum n o f  1981 i n  t h e  fo rm  o f  a  s t u d y  c i r c l e .  I n  t h e  f i r s t  
y e a r  i t  was o p e n  f o r  3 r d  y e a r  p u p i l s .  The i n t e r e s t  was v e r y  
g r e a t .  T h i s  g r o u p  was a c q u a i n t e d  w i t h  t h e  e l e m e n t a r y  m ech a ­
n ism s  o f  e x c i t a t i o n s ,  t h e  b i o p h y s i c s  o f  s e n s a t i o n  a n d  t h e  
b i o m e c h a n i c s  o f  m u s c l e s .
I n  t h e  n e x t  s c h o o l - y e a r  we w e n t  on  w i t h  t h i s  g r o u p  a n d  
a l s o  a  new g r o u p  was fo rm e d  f o r  t h e  3 r d  y e a r  p u p i l s  o f  t h a t  
a c a d e m ic  y e a r .  One o f  t h e  b i o l o g y  a n d  c h e m i s t r y  t e a c h e r s  o f  
t h e  s c h o o l  t h e n  r e c e i v e d  s u p p o r t  f r o m  t h e  H u n g a r i a n  Academy 
o f  S c i e n c e s  t o  c a r r y  o n  h i s  r e s e a r c h ,  f o r  a  y e a r .  He b e g a n  
d e a l i n g  w i t h  t h e  s e c o n d  s t u d y  c i r c l e  a n d  d e v e l o p e d  a  c o l l a b o r ­
a t i o n  w i t h  t h e  b i o p h y s i c a l  l a b o r a t o r y  o f  t h e  B i o c h e m i c a l  
I n s t i t u t e  o f  SZOTE. A t t h e  4 t h  y e a r ,  t o o ,  t h e  s t u d y  p ro g ra m  
o f  t h e s e  p u p i l s  was s u p p o r t e d  by  t h i s  l a b o r a t o r y .  T h is  g r o u p  
p a i d  v i s i t s  t o  a c a d e m ic  a n d  u n i v e r s i t y  i n s t i t u t e s  t h a t  y e a r .
By now, we h a v e  some e x p e r i e n c e  c o n c e r n i n g  a l l  t h e  f o u r  
y e a r s  o f  g ram m ar s c h o o l .  We seem  t o  h a v e  s u c c e e d e d  -  w i t h  
m in o r  d i f f i c u l t i e s  -  i n  s e l e c t i n g  c e r t a i n  p a r t s  o f  b i o p h y s i c s  
f o r  a l l  t h e  f o u r  fo rm s  t h a t  t h e  p u p i l s  w i t h  t h e i r  k n o w le d g e  
a r e  a b l e  t o  i n t e g r a t e  i n  t h e  m a t e r i a l  o f  t h e i r  b i o l o g y ,  
p h y s i c s ,  c h e m i s t r y  a n d  m a t h e m a t i c s  s u b j e c t s .
Our e x p e r i m e n t s  w e re  s u p p o r t e d  b y  t h e  B i o c h e m i c a l  
I n s t i t u t e  o f  SZOTE t h r o u g h  t h e  d e p u t y  r e c t o r  o f  t h a t  u n i v e r ­
s i t y ,  t h e  B i o p h y s i c a l  I n s t i t u t e  o f  t h e  B i o l o g i c a l  R e s e a r c h  
C e n t r e ,  a n d  t h e  C h a irm a n  o f  t h e  H u n g a r i a n  B i o p h y s i c a l  S o c i e t y .
A f t e r  f o u r  y e a r s  o f  e x p e r i m e n t s  t h e  R a d n ó t i  M. Grammar 
S c h o o l  now h a s  a r r i v e d  a t  t h e  s t a g e  w h e n ,  b y  a  d i r e c t i v e  o f  
t h e  M i n i s t r y  o f  E d u c a t i o n ,  i t  c a n  o p e n  a  h a l f  fo rm  i n  b i o ­
p h y s i c s  f o r  t h e  s c h o o l  y e a r  1 9 8 5 -8 6  w i t h i n  t h e  f ra m e w o rk  o f
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o r d i n a r y  d a y t i m e  e d u c a t i o n .  We a r e  o v e r  w i t h  t h e  e n t r a n c e  
e x a m i n a t i o n s . F rom  t h e  n um ber  o f  a p p l i c a n t s  we cam e t o  t h e  
c o n c l u s i o n  t h a t  b y  s t a r t i n g  a  s p e c i a l  c l a s s  l i k e  t h i s  we 
m e e t  a  c o n s i d e r a b l e  demand o f  t h e  s o c i e t y .
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Foreword
This issue of Acta Biochimica et Biophysica Academiae Scientiarum Hun- 
garicae is dedicated to Professor Bruno F. Straub on the occasion of his 70th 
birthday, celebrated on January 5, 1984.
F. B. Straub’s life and works span several epochs of international and 
Hungarian biochemical research. He started his career at Szeged University, in 
Albert Szent-Györgyi’s laboratory, where he read medicine for three years, then 
switched over to chemistry. After another two years he graduated as biochemist, 
an unprecedented procedure then at the university, carried out under Szent- 
Györgyi’s influence. Contemporary military authorities did not accept his doc­
torate and gave him the low rank of corporal when drafted. However, Corporal 
Straub rapidly rose, due to diligence and virtue, to the rank of general, though 
not in the military but rather in the scientific field.
He became full professor of biochemistry and member of the Hungarian 
Academy of Sciences at a poetically young age (32). And, in an enigmatic man­
ner, he somehow maintained the image and stature of the “young professor” 
even in his advanced years. He is the live example that youthful vigour and 
endurance of the mind are gifts hardly age-dependent. At 70, in a sense he is 
younger than many of his disciples junior to him by a whole generation.
In 1960 he was appointed director of the Institute of Biochemistry of the 
Hungarian Academy of Sciences. His activity was instrumental in the foundation 
of the Academy’s Biological Research Center in Szeged, so far the greatest enter­
prise in experimental biology in Hungary. He served the first two terms (1970 to
1978) as Director General at this Center shaping it into a scientific stronghold of 
international reputation. The list of honours, distinctions, etc. bestowed on him 
would take more space than allotted to this whole foreword.
What are then Straub’s outstanding scientific achievements? The answer 
should be given, I deem, from two viewpoints: international and national. Young 
biochemists abroad know him mainly after his early work: the discovery of 
actin, Straub’s diaphorase (lipoic dehydrogenase), crystalline lactate dehydrogen­
ase, ATP-dependent K+ accumulation of red cells, each representing a landmark 
in the respective areas. Senior biochemists abroad also know him as science 
diplomat, member, chairman, etc. of numerous top international bodies. For us 
Hungarians, he is all this and more. He is the man who after World War II 
stayed in this devastated country while many weighed anchor and sought milder
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harbours. He upheld scientific standards during harsh and lean years. It is perhaps 
highly unusual, when celebrating him, to speculate how much more this talented 
biochemist could have accomplished in a more affluant ambience. However 
misplaced this question may appear in a jubilee note, it bears on a crucial point 
in Straub’s service to his country. For the world’s biochemistry perhaps suffered 
some loss by his remaining on board here, but we Hungarian biochemists certainly 
gained a lot by his presence. It is this we appreciate in him most.
The small bunch of papers included in this issue represents but a fraction 
of current biochemical research trends in Hungary initiated by Straub, his co- 
workers and pupils. Let it be a modest salute enwrapping the wish that he shall 
remain the active witness of our endeavours for many years to come.
P eter F riedrich
A cta  B iochim ica et B iophysica  A cadem iae S cien tia rum  H u n g aricae  20, 1985
A c ta  B io ch im . e t  B io p h ys . A c a d . S e i .  H u n g . V ol. 2 0  ( 3 — 4 ) ,  p p . 11 7 — 12 8  (  1 9 8 5 )
Is Elastomucoproteinase a Double-Headed Enzyme?
G. Cs.-Szabó, É. G yáni, I. Banga,* P. Elődi
Department of Biochemistry, University Medical School of Debrecen, Debrecen, Hungary 
and ‘Centre of Gerontology, Semmelweis University Medical School, Budapest, Hungary
(Received February 25, 1984)
During isolation pancreatic elastase is accompanied by a minor component, 
elastomucoproteinase (EMPase), which can be separated in pure state by anion- 
exchange chromatography.
EMPase exhibits both proteolytic and mucolytic activities. Applying powdered 
aortic preparations as a substrate, the enzyme can split off carbohydrate moieties, but 
it can also cleave peptide bonds as a proteinase.
Assaying with tripeptide-p-nitroanilide substrates, the enzyme can decompose 
only those substrates which contain Phe or Tyr at the C-terminal. It appeared that the 
binding of Bz-Ala-Gly-Phe-pNA was the best, while the hydrolysis of Bz-Ala-Pro-Tyr- 
pNA was the fastest.
Proteolytic activity of EMPase can be completely inhibited with phenylmethane- 
sulphonyl fluoride, whereas its mucolytic activity only by 20 %. The two activities may 
be located at two separate sites. The enzyme seemed to be composed of a single poli- 
peptide chain by SDS-gel electrophoresis in the presence of urea and /3-mercapto- 
ethanol.
Pancreatic elastase was isolated first by Baló and Banga (1949). Later it 
became evident that the preparation consists of two principles at least, i.e. proteo­
lytic Ej and mucolytic E2 components (Hall, 1955). Then it was found that elasto­
mucoproteinase, collagen mucoproteinase (Banga and Baló, 1956) and elastolipo- 
proteinase with lipolytic activity (Banga and Baló, 1962; Banga 1966) are strongly 
associated with the partially purified elastase.
According to several authors, elastomucoproteinase is usually present in the 
elastase preparations (Hall, 1957; Loeven, 1960; Hall and Czerkawski, 1959), but 
as it could be isolated only in small quantities, the properties of the enzyme were 
not described in details. The two enzymes can be separated by adsorption on y- 
alumina gel (Hall, 1957; Hall and Czerkawski, 1959), or by DEAE cellulose (Lewis 
and Thiell, 1957) and DEAE-Sephadex chromatography (Loeven, 1963). The puri­
fied enzyme was found to cleave acetyl-Tyr-ethylester, the substrate of Chymotryp­
sin (Ardelt, 1974).
In the presence of EMPase, elastase exerts increased elastolytic effect (Banga 
and Baló, 1956). Elastase is able to decompose the polypeptide chain of elastic
Abbreviations : EMPase, elastomucoproteinase; Suc-, succinyl; Ac-, acetyl; Bz-, ben­
zoyl; Z-, benzoyloxycarbonyl; -pNA, p-nitroanilide; TCA, trichloroacetic acid; PMSF, 
phenylmethanesulfonyl fluoride; DEAE, diethylaminoethyl; BTEE, N-benzoyl-L-tyrosine 
ethyl ester; NBA, N-tert-butoxycarbonyl-L-alanine-p-nitrophenyl ester
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fibres effectively only when the polysaccharide substituents had previously split 
off (Banga, 1966).
In the present paper the isolation of EMPase in sufficient quantities is de­
scribed. Besides, the multifunctional properties of the enzyme, i.e. amidolytic, 
esterolytic, mucolytic and proteolytic activities were also investigated and the 
substrate specificity was determined.
Materials
Chemicals were obtained as follows: NBA, BTEE, bovine serum albumin, 
carbazole from Sigma Co. (St. Louis, Mo., USA); Ac-Tyr-pNA, Suc-(Ala)3-pNA, 
proteins for molecular weight determination and PMSF from Serva (Heidelberg, 
FRG); DEAE-Sephacel from Pharmacia Fine Chemicals (Uppsala, Sweden); 
casein and papain from Reanal (Budapest, Hungary).
Crude elastase and aorta powder were obtained by the method of Banga 
(Banga and Baló, 1962; Banga, 1968, 1969). Denatured haemoglobin was prepared 
from beef red blood cells (Anson, 1938). Elastine was isolated from beef nuchal 
ligament according to Partridge and Davis (1955).
Tripeptide-pNA substrates having Phe or Tyr at the C-terminal were generous 
gifts of Dr. L. Aurell (KABI, Mölndal, Sweden). The other peptide substrates were 
synthesized in our laboratory. The homogeneity of the products was analysed by 
thin-layer adsorption chromatography, their composition was controlled by 
elementary analysis (Cs.-Szabó et al., 1980).
Methods
Protein concentration at various steps of isolation was determined according 
to Lowry et al. (1951) using bovine serum albumin as reference.
G el electrophoresis
The purity of EMPase was controlled by slab technique on 10% polyacryl­
amide gel. To 82 X 82 X 2.3 mm gel 6 — 50 gg protein was applied and run in 40 mM 
/1-alanine-acetic acid buffer, pH 4.5, at 6 V/cm for 30 min, then at 12 V/cm for 3.5 
hrs. The slabs were stained for protein with 0.1 % Coomassie brillant blue R-250 
dissolved in methanol-acetic acid-water (7 : 3 : 1).
To determine the molecular weight (Laemmli, 1970), proteins were pretreated 
by boiling for 5 minutes in 2% SDS and 5% /i-mercaptoethanol, then run in 
5—15% acrylamide gradient gel containing 0.1% SDS. 1 M Tris buffer, pH 8.8. 
at 20 mA/50 — 200 V. Molecular weight references: ribonucléase (13 600), horse 
myoglobin (17 800), chymotrypsinogen (25 000), ferritin (36 400), egg albumin 
(45 000) and bovine serum albumin (67 000).
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E n zy m e  a c tiv ity  w ith syn th e tic  su b stra tes
Enzyme activities with synthetic substrates were assayed spectrophotomet- 
rically at 37 °C and the changes in absorption were recorded.
a. A 0.01 change of absorption in 1 min was taken as a unit of esterase activ­
ity. Elastase activity was determined with NBA substrate, in 50 mM phosphate 
buffer, pEI 6.2. The final concentration of the substrate was 50 pM. The increase 
of absorption was recorded at 347.5 nm.
The activity of EMPase was measured at 256 nm with BTEE in 20 mM Tris- 
EIC1 buffer, pH 8.2. Substrate concentration was 50 pM.
b. Amidolytic activity was examined at 405 nm with tripeptide-p-nitroanilide 
substrates in 20 mM Tris-HCl buffer, pH 8.0, containing 4 mM CaCl2. Concentra­
tion of the enzyme varied between 1 — 100 nM, that of the substrate between 10-100 
pM in a final volume of 1.5 ml. The increase in absorption of the liberated pNA 
was followed at 405 nm (e405 = 10 6 00 M _1 cm-1).
Kinetic constants (Km, Vmax) were calculated according to Lineweaver- 
Burk, while catalytic constants, kcat, from the Vmax/[E] ratio.
P ro teo ly tic  a c tiv ity
Haemoglobin, casein and elastin substrates in 20 mM Tris-HCl buffer, pH 
8.0, containing 4 mM CaCl2 were applied for the determination of proteinase 
activity. The enzyme concentration was 0.16 pM and the substrate concentration 
was 2%. After 60 min incubation equal volume of 10% TCA was added and the 
amount of soluble peptides was determined with biuret reagent.
M u c o ly tic  a c tiv ity
Three ml suspension of 1 % aorta powder in 20 mM Tris-HCl buffer, pH 8.0, 
containing 4 mM CaCl2, elastase or EMPase in 0.1 //M concentration was incubat­
ed for 24 hours. Then a mixture of 2 ml 31 % NaCl and 100 jul 3N acetic acid was 
added, it was boiled and centrifuged. The mucopolysaccharides in the supernatant 
liberated upon mucolytic effect were precipitated with 96% ethanol containing 
0.08 % sodium acetate. The precipitate was dissolved in distilled water, and hexu- 
ronic acid content was determined (Dische, 1947). Glucuronic acid was used as 
reference. Total mucopolysaccharide content was liberated by papain digestion 
and was determined under the same conditions.
Results
Iso la tion  o f  E M P a se
Crude elastase of 1.5 g (protein content: 650 mg) was extracted twice, with 
15 ml and 30 ml 500 mM acetate buffer, pH 4.5, containing 30% ethanol, at 4 °C, 
stirring for 30 min. Then it was centrifuged (10 000 r.p.m., 30 min, at 4 °C) and 
the supernatants were collected while the precipitate was discarded. This extract
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Table 1
Isolation o f EMPase from crude elastase
Protein Activity with
NBA BTEE
mg /о
u U/mg purifi­cation u U/mg
purifi­
cation
I. Crude elastase 650 100 4208 6.47 1.0 32.5 0.05 1.0
II. Ethanol extract 142 22 1350 0.95 0.146 15.62 0.11 2.2
III. Dialysis in 1 mM acetate
buffer, pH 4.5 94 14.5 35.1 0.37 0.05 16.9 0.17 3.4
IV. (NH4)2S04 precipitate
dialysed againt distilled water 89 13.7 576 6.47 1.0 606.0 6.8 136.0
V. Lyophilization 51 7.85 934 18.3 2.82 638.9 12.5 250.0
VI. DEAE-Sephacel anion-
exchange chromatography, 8.5 1.37 34.2 4.02 0.62 143.0 16.8 336.0
peak II.
contained the bulk of elastase and EMPase (Table 1). The supernatant was dialyzed 
against five changes of 500 ml 1 mM acetate buffer, pH 4.5, at 4 °C. The elastase 
was precipitated and the turbid solution was centrifuged at 10 000 r.p.m., for 30 
min. The 65 ml supernatant was saturated to 45% with solid (NH4)2S 0 4 at room 
temperature.
The precipitate, containing elastase and EMPase, was centrifuged at 10 000 
r.p.m. for 30 min, at 4 °C. The pellet was dissolved in 25 ml of distilled water and 
dialyzed against six changes of 500 ml distilled water at 4 °C. The elastase precipi­
tate was removed by centrifugation. The supernatant was lyophilized and about 51 
mg protein was obtained in 125 mg dry weight. This was dissolved in 15 ml of 
distilled water and applied to a 2.5x48 cm DEAE-Sephacel anion-exchange 
column, and 5.0 ml fractions were collected at a velocity of 1.2 ml/min, the absorp­
tion was recorded at 280 nm. The bulk of EMPase was bound to the DEAE- 
Sephacel in 20 mM NH4HCOs buffer, pH 8.5, containing 3 M urea, whereas it 
could be eluted with 0.5 M NH,HC03 buffer, pH 8.5.
The protein content according to Lowry (1951) and the activity of samples 
measured with NBA and BTEE substrates are shown in Table 1. Two peaks were 
obtained by ion-exchange chromatography (Fig. 1), which were collected and lyo­
philized separately. EMPase activity was found in the second fraction. Finally 8.5 
mg EMPase was obtained, i.e. 1.37% of the initial amount, its activity assayed 
with BTEE substrate corresponded to 16.8 U/mg and to a 336-fold purification. 
EMPase was able to decompose NBA as well (see Table 1).
The purity of the enzyme was tested by polyacrylamide gel electrophoresis, 
pancreatic elastase and Chymotrypsin were used for comparison. EMPase seemed
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20mM NH4 HCO3
3M urea 0.5M NH4 HCO3
Fig. 1. Isolation of elastase (I) and elastomucoproteinase (II) on DEAE-Sephacel anion- 
exchange column. Elution first with 20 mM NH4H C 03 buffer, pH 8.5, containing 3 M urea, 
then with 0.5 M NH4H C 03 buffer, pH 8.5
to be electrophoretically homogeneous, its mobility was less than any of the refer­
ence enzymes.
To determine the molecular weight, EMPase was pretreated with SDS and 
jß-mercaptoethanol at 100 °C, for 5 min, then it was run in SDS gel. A single band 
was obtained which suggests that the enzyme consists of only one polypeptide chain 
and its molecular weight appeared to be 25 000.
Fig. 2. Polyacrylamide gel electrophoresis of elastases in 40 mM /S-alanine-acetic acid, pH 4.5. 
Left to right: I. commercial elastase (Serva, Heidelberg, FRG); II. and III. elastase and 
EMPase, respectively, prepared in our laboratory; IV. commercial Chymotrypsin (Merck,
Darmstadt, FRG)
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S u b stra te -sp ec ific ity  o f  E M P a se
Primary specificity of EMPase was examined with substrates containing 
various amino acids at Px subsite (notation of Schechter and Berger, 1967). Accord­
ing to our results (Table 2), the enzyme cleaves the peptide bonds with reasonable
Table 2
Kinetic parameters o f EMPase measured with peptidyl 
p-nitroanilide substrates I
Substrate
Bz-Arg-Val-Tyr-pNA 
В z- A rg-V al-Phe- pN A 
Ac-Tyr-pNA 
Suc-Ala-Ala-Ala-pNA 
Ac-Ala-Ala-Ala-pNA 
Z-Gly-Val-Ala-pNA 
Z-Gly-Val-Gly-pNA 
Z-Gly-Val-V al-pN A 
Z-Arg-Val-Leu-pNA 
Z-Asp-Nle-Nle-pNA 
H-DArg-Val-Trp-pNA 
Bz-Phe-Val-Lys-pNA 
Z-Nle-Val-Arg-pNA
K m./nM kcat> s
27 0 .25
91 0 .1 7
50 0 0 .0 0 8
3 3 0 0 0 .0 0 3
n.h.
n.h.
n.h.
n.h.
n.h.
n.h.
n.h.
n.h.
n.h.
n.h. =  not hydrolyzed
velocity only at the aromatic amino acid side chains, Phe and Tyr, thus its primary 
specificity is chymotrypsin-like.
It was interesting to find out which residues are suitable at subsites P2, P3 and 
P4 in substrates containing Phe or Tyr at the C-terminal. We compared substrate- 
sets that differ only in a single amino acid. Data shown in Table 3 suggest the fol­
lowing:
At Px su b site  there is only a slight difference between Phe and Tyr (compare 
substrates Nos 1-2, 3-4, 5-6), the binding of substrates containing Phe seems to be 
stronger (smaller Km), the ones containing Tyr are hydrolyzed faster (higher kcat).
At P 2 p o s itio n  the efficient binding of the substrates is promoted by a small 
residue of Gly (No. 7), whereas it is prevented by the long chain lie (No. 12) and 
by the polar Lys (No. 11). The substrate containing Phe (No. 8) was hydrolyzed 
the most efficiently. There is little difference between the kcat values which are low, 
anyhow. The binding of Val and Pro (compare Nos 13 and 5, 4 and 14, 2 and 15) 
is negligible, Val binds slightly better. However, substrates containing Pro are 
more favourable for hydrolysis, their kcat values are higher by one or two orders 
of magnitude than those containing Val.
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As for P 3 position , the binding of the unprotected substrate is abolished when 
it contains Orn (No. 16), a homologue of Lys (compare to No. 17). The substrate 
having DArg (No. 18) does not react with the enzyme, whereas its L-analogue 
(No. 14) does. With substrates containing Arg (No. 4) Km and kcat values are 
much lower than with those containing Lys (No. 17). Ala (No. 6) provides a strong­
er binding and a faster hydrolysis than Arg (No. 19).
At P 4 position , when there is a D-amino acid at P3 (No. 15), Bz protective 
group prevents the catalysis.
Table 3
Kinetic parameters o f EMPase with tripeptidyl 
p-nitroaniiide substrates II
Substrate 
p, p3 p2 p, Km. kcat, s
Pl 1. H-DArg-Val-Phe-pNA 182 0 .1 7
2. -Try- 40 0 0 .6 5
3. Bz-Arg-V al-Phe-pN A 91 0 .1 7
4. -Tyr- 27 0 .2 5
5. Suc-Ala-Pro-Phe-pNA 40 0 16.57
6. -Tyr- 500 2 8 .5 7
p2 7. H-DArg-Gly-Phe-pNA 62 0 .1 6
8. -Phe- 83 0 .7 7
9. -Ser- 95 0 .3 2
1. -Val- 182 0 .1 7
10. -Glu- 454 0 .2 6
11. -Lys- - —
12. -Ile- — —
13. Suc-Ala-Val-Phe-pNA 25 0 1.19
5. -Pro- 40 0 16 .57
4 . Bz-Arg-Val-Tyr-pNA 27 0 .2 5
14. -Pro- 25 0 1 .90
2. H-DArg-Val-Tyr-pNA 40 0 0 .6 5
15. -Pro- 330 19.03
p3 1. H-DArg-Val-Phe-pNA 182 0 .1 7
16. -Orn- — —
4. Bz-Arg-Val-Tyr-pNA 27 0 .2 5
17. -Lys- 40 0 0 .8 3
14. Bz-Arg-Pro-Tyr-pNA 25 0 1.90
1 !. -DArg- — —
6. Suc-Ala-Pro-Tyr-pNA 500 2 8 .5 7
19. -Arg- 667 1.14
Pl 15. H-DArg-Pro-T yr-pNA 330 19.03
18. Bz- — —
14. Bz-Arg-Pro-T yr-pNA 25 0 1 .90
19. Sue- 667 1.14
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The binding of the substrate containing Bz protecting group (No. 14) is 
stronger than that of containing the polar Sue (No. 19).
These results suggest that Bz-Ala-Gly-Phe-pNA seems to be the optimal 
from the investigated substrate-sets for Km, while Bz-Ala-Pro-Tyr-pNA for kcat.
P ro teo ly tic  a c tiv ity
The proteolytic activity of the enzyme was examined with protein substrates, 
i.e. denatured haemoglobin, casein and elastin (Table 4). EMPase was the most 
efficient with haemoglobin, less with casein and even less active with elastin. These
Table 4
Proteolytic activity o f EMPase 
Enzyme concentration: 0.16 p.M, substrate 
concentration: 2% in 20 mM Tris, pH 8.0, 
containing 4 mM CaCl2, at 37 °C
Substrate
Decomposed 
protein 
mg ' h -1
Haemoglobin 0.74
Casein 0.36
Elastin 0.17
Table 5
Inhibition o f EMPase and elastase with 1 mM PMSF 
Buffer: 20 mM Tris, pH 8.0, containing 4 mM CaCl2, at 37 °C. Enzyme 
concentration: 0.1 //M, substrate concentration: 50 /iM
Enzyme Substrate
Change in absorbancy 
J A  m in-1 Inhibition
%
control with PM SF
EMPase DArg-Pro-Tyr-pNA 0.016 0 100
BTEE 0.125 0.011 91
Elastase Suc-(Ala)3-pNA 0.007 0 100
NBA 0.02 0.005 75
experiments indicate convincingly that EMPase exerts proteolytic action, as well. 
Similarly to elastase, the proteolytic activity of EMPase can be inhibited with 
PMSF. The inhibition when measured with ester-substrates is somewhat less effec­
tive than with amid-substrates (Table 5).
If the assay mixture contained both elastase and EMPase, twice as much 
protein was decomposed than the sum produced by the separate effect of the en­
zymes (Table 6).
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Table 6
Proteolytic activity of EMPase and elastase 
Conditions as in Table 4. Substrate: 2% aorta powder
Decomposed
Enzyme protein
m g • h - 1
EMPase 0.13
Elastase 1.23
EMPase +  elastase 2.51
M u co ly tic  a c tiv ity
Preparation of aorta proteins contain a number of mucopolysaccharide 
moieties, therefore it is more convenient for assaying mucolytic activity of EMPase 
than nuchal ligamental elastin.
The concentration of elastase and EMPase was 0.1 /tM in the reaction mix­
ture. Under such conditions the activity of EMPase with specific ester substrate is 
twice as much as that of elastase. EMPase splits off 20 % of the carbohydrate con­
tent from the aorta powder substrate, whereas the mucolytic activity of elastase 
can be neglected. Addition of elastase to EMPase assay mixture does not enhance 
the amount of carbohydrates released from the substrate. PMSF inhibits the 
mucolytic activity of EMPase only by 19% (Table 7).
Table 7
Mucolytic activity o f EMPase and elastase
Buffer: 20 mM Tris, pH 8.0, containing 4 mM CaCl2, at 37 °C. Enzyme concentration: 0.1 /tM, 
aorta powder concentration: 1 %, inhibitor concentration: 1 mM
Carbohydrate, released
Enzyme
none
with 
1 mM 
PM SF
%
EMPase 30 .8 2 4 .7 5 19
Elastase l.l 0 .5 5 50
EMPase +  elastase 3 1 .4 n.d. n.d.
Papain 145.2 n.d. n.d.
n.d. =  not determined
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Discussion
EMPase was isolated in pure form from crude elastase, which contained 
mainly elastase and other proteins besides the hardly measurable amount of 
EMPase. It is worth mentioning that elastase adheres to EMPase until the last 
step of separation. This may be due to their similar physical-chemical properties.
Our method for isolation is based on that described by Loeven (1963) but 
the ion-exchange chromatography was modified. It was useful to introduce the 
buffer containing urea, thus the EMPase was bound to the column, while the elas­
tase was removed. Application of NH4HC03 buffer was favourable because of its 
volatility. Mechanical properties and resolving capacity of DEAE-Sephacel ap­
peared to be better than those of DEAE-Cellulose used bv Loeven (1963). Since there 
are no data published on the yield by Loeven, comparison cannot be made.
The two enzymes have different substrate specificity, therefore the separation 
could be well detected. The elastase cannot decompose BTEE substrate at all. 
Nevertheless, EMPase can slowly hydrolyze NBA, but ten times slower than elas­
tase can, and about five times slower than its own substrate, BTEE can be hydro­
lyzed.
During preparation the purity referring to NBA cleavage (Table 1) is below 
1.0 after step II and III, indicating that the bulk of elastase was removed from 
EMPase. The unexpected increase in BTEE activity in step IV and V may either be 
due to decomposition of enzyme-inhibitory complex or to the activation of enzyme 
during dialysis (Banga, 1966).
EMPase preparation was electrophoretically homogeneous and its mobility 
was much slower than that of the elastase and chymotrypsin, thus it can be separat­
ed from other enzymes easily as it was found previously by Banga and Baló (1962, 
1966). By SDS-gel electrophoresis the enzyme appeared to be composed of a single 
polypeptide chain, its molecular weight was found to be 25 000, which corresponds 
to the previous result of 21 900, obtained by gel filtration on Sephadex G-100 
(Ardelt, 1974).
According to our data the enzyme is capable to hydrolyze efficiently only 
those pNA-substrates which contain Phe or Tyr at the C-terminal. The poor kinetic 
properties of Ac-Tyr-pNA may be brought about its size, it is probably too short 
compared to the tripeptidyl-pNAs to form a productive interaction with EMPase. 
This, on the other hand, may suggest that the binding site of the enzyme is at least 
two subsites long. The measurable activity of EMPase with Suc-(Ala)3-pN A can be 
interpreted by the fact that both Ala at P3 subsite and Sue at P4 promoted the bind­
ing and hydrolysis, as it was found with other substrates (see Tables 2 and 3).
The substrate binding site of EMPase is somewhat similar to that of the 
elastase (Cs.-Szabó et al., 1980). Both enzymes prefer substrates containing Ala at 
P3 subsite and Pro at P2 subsite, though the primary specificity of the enzyme is 
chymotrypsin-like. Concerning the structure of the substrate optimal for binding 
we may suppose that nonpolar side chains cover the substrate binding cavity at 
S,-S4 subsites, and they may interact with the nonpolar side chains of the substrate.
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The cavity itself cannot be large for it is able to accept relatively short side chains, 
except for Phe or Tyr at primary specificity site.
Besides the mucolytic, amidolytic and esterolytic activity EMPase readily 
hydrolyzes proteins as well, thus it can be regarded as a real proteinase. It digests 
haemoglobin faster than elastin, due to its chymotrypsin-like specificity, since the 
aromatic amino acid content of haemoglobin is 12%, and that of elastin is only 
4%. This threefold difference is also reflected in the quantity of the decomposed 
protein (Table 4).
EMPase is able to cleave bonds between proteins and carbohydrates in aorta 
powder, as it was found earlier with elastin (Banga and Bald, 1956). On the other 
hand, elastase is neither able to split these bonds, nor is capable to influence the 
mucolytic activity of EMPase. In contrast, when the simultaneous proteolytic 
action of the enzymes was tested, the amount of decomposed protein was twice as 
much as the sum produced by their individual activities.
Since EMPase exerts both proteolytic and mucolytic activity, it may first 
remove polysaccharide side chains from the substrates, thus liberating the back­
bone of proteins, then EMPase itself may act as a proteinase, supporting the pro­
teolytic efficiency of other proteinases, as well.
Localization of mucopolysaccharide cleaving and proteolytic effect was in­
vestigated with PMSF inhibitor. Proteolytic activity was inhibited completely, 
whereas mucolytic effect only by about 20%. Since EMPase appeared to be homo­
genous electrophoretically, we assume that the enzyme is composed of a single 
polypeptide chain. The present results suggest that the two functions are localized 
separately.
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Glucocorticoid Receptor is Activated by Heparin and 
Deactivated by Plasmin
P. A rányi, R. M achovich
Second Institute of Biochemistry, Semmelweis University Medical School, Budapest, Hungary
(Received December 20, 1983)
Chick thymus glucorticoid receptor activation was followed in the presence of 
heparin and/or plasmin. Heparin, at a concentration of 9 pM, accelerated the rate of 
activation at 25 °C without influencing significantly the maximum activated fraction 
of the 3H-triamcinolone acetonide-receptor complex. On the contrary, 0.7 /<M plasmin 
added prior to incubation at 25 °C (activation) of the complex blocked DNA cellulose 
binding. Thrombin did not influence receptor activation. Added to the activated com­
plex, plasmin resulted in a rapid deactivation, i.e. an irreversible loss of DNA binding 
capacity. Plasmin and heparin appeared to exert their effects independent of each other 
in spite of the fact that they are known to interact in the concentration range in question.
Steroid hormones exert their effects via  interaction with their specific cyto­
plasmic receptors. A pivotal step in the mechanism of action is a conformational 
change of the complex termed activation (for a review' see Schmidt and Litwack, 
1982), which enables the complex to interact with nuclear components.
Activation of glucocorticoid-receptor complex is promoted by heat or salt 
treatment or by polyanions such as phosphocellulose (Atger and Milgrom, 1976). 
Heparin has recently been shown to activate the progesterone receptor (Yang et al., 
1982).
Glucocorticoid receptors are subject to limited proteolysis by endogenous 
proteases as well as trypsin, Chymotrypsin or papain (Sherman et al., 1978; Wränge 
and Gustafsson, 1978; Carlstedt-Duke et al., 1982). Treatment by trypsin or Chy­
motrypsin results in a separation of the steroid and DNA binding domains of the 
receptor protein (Carlstedt-Duke et ah, 1982). As a result, trypsin or chymotrypsin 
treated glucocorticoid-receptor complex cannot bind to DNA-cellulose. On the 
basis of these data we suspected that the polyanion heparin as well as the rather 
specific protease plasmin may influence activation of the glucocorticoid receptor. 
Thus, we analysed DNA cellulose binding of the chick thymus glucocorticoid 
receptor activated in the presence of heparin and/or plasmin. Since heparin and 
plasmin have been shown to interact with each other (Machovich et ah, 1981), 
the simultaneous effect of the two received special attention.
Materials and methods
C hem ica ls. [l,2-3H]-triamcinolone acetonide (26 Ci/mmol) was obtained 
from the Radiochemical Centre, Amersham, Cellulose CF 11 was from Whatman
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LTD. Plasminogen was purified from human plasma by Lysine-Sepharose 4B af­
finity chromatography as described by Deutsch and Mertz (1970).
Plasminogen was converted to plasmin before starting the experiment with 
streptokinase; 1 mg plasminogen was activated with 10 /zg streptokinase at 22 °C 
in 1 ml volume of 0.01 M tris-HCl bulfer, pH 7.4 containing 0.1 M NaCl and 0.1 
mM 6-aminohexanoic acid. During activation, aliquots of the reaction mixture 
were withdrawn and assayed for plasmin activity. Plasmin activity was determined 
using N-benzoyl-L-arginine ethyl ester substrate in 0.1 M tris-HCl bulfer, pH 8.0 by 
monitoring the change in absorbancy at 254 nm (Machovich et al., 1981). Heparin 
(bovine intestine, with a specific activity of 165 U/mg, having an average Mr of 
11 000) was the product of G. Richter Pharmaceuticals, Budapest, Hungary. 
All other chemicals were of reagent grade and were purchased from Reanal, 
Budapest, Hungary.
P repara tion  o f  th e  cytosol. Six to nine weeks old Hunnia hybrid chickens were 
used. They were killed by decapitation, thymus lobes were removed and placed in 
ice cold physiological saline. After washing, thymi were homogenized in 1.5 volume 
of 0.01 mM tris-HCl bulfer, pH 7.4, containing 1.0 mM EDTA and 2 mM dithio- 
threitol with a motor driven teflon-glass homogenizer. The homogenate was centri­
fuged at 100 000 X g for 60 min in the cold and the supernatant was used as cytosol.
3H -triam cino lone  aceton ide b ind ing  was assayed, activation and DNA-cel- 
lulose binding of the glucocorticoid receptor were measured as described (Arányi 
and Náray, 1980). DNA-cellulose was prepared from chicken blood DNA as 
described by Alberts and Herrick (1971). Radioactivity was determined in a Beck­
man LS 9000 radiospectrofluorimeter with about 30% efficiency for tritium.
Fig. 1. Glucocorticoid receptor activation in the presence of heparin. Chick thymus cytosol 
was prepared and complexed with 3H-triamcinolone acetonide at 0 °C. Then heparin was given 
to the complex (o — o )a t afinal concentration of 9 gM. The control sample received an equal 
volume of the buffer ( X —X). Incubation was continued at 25°C and DNA-cellulose binding was 
determined at the indicated times, in duplicates. Bars represent standard deviation
Time (min)
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Results and discussion
Incubation of the glucocorticoid receptor complex at 25 °C results in activa­
tion, i.e. the complex acquires a capacity to bind to DNA. As it is seen in Fig. 1, 
heparin at a concentration of 9 /tM (100 /ig/ml) accelerated the rate of glucocor­
ticoid receptor activation. It did not increase the maximum activation, however. 
Percent activation in the control sample reached the value or got even a little higher 
than those of the heparin-treated sample. Heparin at 0.8 p M  was without effect 
(not shown). The effect of heparin was distinctly different from that reported for 
phosphocellulose (Atger and Milgrom, 1976). Phosphocellulose increased the frac­
tion of the activated steroid receptor complex up to 90-100% without influencing 
appreciably the initial rate of activation.
Addition of proteases to the preformed complex blocked the accumulation 
of activated complex upon heat treatment. Data in Fig. 2 demonstrate that 0.7 /tM 
plasmin as well as trypsin entirely prevented DNA-cellulose binding. Plasmin at 
a tenfold lower concentration was without effect (data not shown). Kinetics of 
glucocorticoid receptor activation run parallel to control values in the presence of 
the more specific protease thrombin. Plasminogen was also ineffective showing 
that the active enzyme was required for the effect. Streptokinase, which was used 
to activate plasminogen and was therefore present in the plasmin stock solution, 
did not influence glucocorticoid receptor activation (data not shown).
If both heparin and plasmin were present during activation, the kinetics 
were similar to those of the control in the first few minutes. After 10 minutes, how­
ever, the two curves bifurcated: the activated fraction decreased strongly in case 
of the sample that had heparin and plasmin in it (Fig. 3). Thus, it seems that plas­
min caused deactivation of the complex, i.e. it resulted in an irreversible loss of the 
once acquired DNA-binding capacity rather than interfering with the activation 
process itself.
Fig. 2. Effect of proteases on DNA binding of glucocorticoid receptor. Preformed glucocor­
ticoid receptor-3H-triamcinolone acetonide complex was given buffer(x—x),0.7/iM plasmino­
gen (a —a ), 0.7 pM  plasmin(V—v), 1.6 /iM thrombin(o—o) or 0.27/гМ trypsin( •  — •). Incuba­
tion was continued at 25 °C and DNA-cellulose binding was determined in the indicated times
2 A cta B iochim ica et B iophysica A cadem iae S cien tia ium  H ungaricae  20, 1985
132 A r á n y i ,  M a c h o v ic h :  G lu c o c o r t ic o id  re c e p to r
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Time (min)
Fig. 3. Effect of heparin and plasmin on glucocorticoid receptor activation. Preformed gluco­
corticoid receptor-3H-triamcinolone acetonide complex was given buffer (X -  X), 0.7/iM plasmin 
(o — o )  or 0.7 (UMplasmin and 9 fiM heparin ( • - • ) .  Incubation was continued at 25°C and 
DNA-cellulose binding was determined at the times indicated
Deactivation has also been described in the absence of exogenous proteases 
(Arányi, 1983). It occurs necessarily during in vitro  activation after a long incuba­
tion time (more than 60 min at 25 °C at low ionic strength). Deactivation is similar 
in some respects to the phenomenon of the so called “mero-receptor” formation 
(Sherman et al., 1978 ; Holbrook et al., 1983). The mero-receptor is a small molecu­
lar weight receptor fragment that is formed upon protease action and has no affinity 
for DNA. Although the mechanism of deactivation has not been elucidated, 
evidence suggests that it may be a consequence of limited proteolysis by endogenous 
proteases.
in the following experiment, shown in Fig. 4, the glucocorticoid receptor 
was activated in the presence or absence of heparin. Plasmin was added after 20 min 
of incubation when the fraction of the activated complex was similar in the two
Time (min)
Fig. 4. Plasmin deactivates activated glucocorticoid receptor. Preformed glucorticoid receptor- 
3H-triamcinolone acetonide complex was added buffer ( X - X ,  o  — o )  or 9 /rM heparin ( •  •). 
Incubation was continued at 25 °C. DNA-cellulose binding was determined after 20 min of 
incubation. Further amount of buffer (X—X) ог0.7,«М plasmin ( o - o ,  •  - • )  was then added 
(arrow) without changing the temperature. DNA-cellulose binding was determined after
various incubation times
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samples. Rapid deactivation occurred whose rate was independent of the presence 
of heparin.
It appears therefore that heparin and plasmin exerted their effects indepen­
dent of each other on activation and deactivation of the glucocorticoid-receptor 
complex. Heparin accelerated activation without having much influence on deac­
tivation. whereas plasmin resulted in a rapid deactivation of the activated complex. 
Since heparin binds to plasmin with a dissociation constant of approx. 10-8 M 
(Smith and Sunboom, 1981 ) plasmin should be present in a heparin complex under 
the conditions of the experiments of Figs 3 and 4. This complexation apparently 
did not affect the capacity of plasmin to deactivate the glucocorticoid receptor. 
One can also conclude that if glucocorticoid receptor deactivation proceeds via 
hydrolysis of a peptide bond(s), the one(s) involved should correspond to the 
specificity of plasmin but not to that of thrombin.
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Endothelial cells, under normal conditions, possess antithrombotic nature, 
whereas during damage, various components of the cell may initiate blood coagulation. 
These functions are greatly influenced and controlled by thrombin and plasmin through 
their direct actions or their formation in the blood coagulation-fibrinolytic system.
Hemostasis is based on the capacity of blood to arrest bleeding from an 
injured vessel wall and, on the other hand, on the ability of endothelial cells to 
prevent thrombus formation inside the vessel under normal conditions. The balance 
between these two extreme states is well controlled by cellular and molecular 
mechanisms, namely it depends on the functions of endothelial cells, platelets and 
blood coagulation-fibrinolytic system.
From the molecular aspect, thrombin and plasmin are the critical enzymes 
in hemostasis, the key enzymes of blood coagulation and fibrinolysis, respectively. 
These components, however, are not independent of each other, i.e. the product 
of the thrombin-fibrinogen reaction forms the substrate, the fibrin for the enzyme 
action of plasmin. When there is a dramatic enhancement of the coagulation sys­
tem, the fibrinolytic system is also activated, as it is evident in most forms of dis­
seminated intravascular coagulation (Gaffney, 1981). Under normal conditions 
there is no measurable amount of thrombin or plasmin in blood circulation. Their 
enzymatically inactive precursor forms, prothrombin and plasminogen synthesized 
in the liver, however, circulate at a constant level in plasma (Suttie and Jackson 
1977; Davie and Fujikawa, 1975).
Thrombin formation
The essential reaction in blood coagulation is the conversion of fibrinogen to 
fibrin catalyzed by thrombin. This reaction, however, depends on the activity and 
the amount of thrombin formed from prothrombin and it is controlled by an ex­
tremely complex regulatory system (Fig. 1).
P ro throm bin  a n d  its  activa tion
Prothrombin is a single polypeptide chain with Mr 70 000, containing 10 
y-carboxyglutamyl residues (Gla) at the N-terminal region of the molecule. For the 
formation of these residues at post-rib osomal step in liver, vitamin К is necessary 
(review by Machovich, 1984a; Jackson, 1981).
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Fig. 1. Roles and formation of thrombin and plasmin. Roman numerals stand for blood coagu­
lation factors, wide arrows for conversion of molecules by limited proteolysis, simple arrows 
for acceleration effect, crossed arrows for inhibition. Other abbreviations; PL: phospholipid 
(platelet membrane), TF: tissue factor, PC(a): Protein C<activated>, PK : prekallikrein, K: 
kallikrein, HMK: High molecular weight kininogen, BK: bradykinin, TM: thrombomodulin: 
PA: plasminogen activator, PGI2: prostacyclin, A: adenosine
Prothrombin conversion to thrombin occurs via cleavage of two peptide 
bonds by the specific enzyme Factor Xa (review by Jackson 1981). Thus, the 
amount of thrombin formed depends primarily on the amount and activity of 
Factor Xa. This proteinase, however, exists in a zymogen form in circulating blood 
under normal conditions. The coagulation system, through a very complicated 
mechanism, gives rise to the formation of Factor Xa. The blood coagulation can be 
described as a cascade system in which a precursor protein is converted from its 
inactive form into an active one. The conversion of the zymogens occurs as a result 
of limited proteolysis, and the reactions are irreversible. When one of the factors, 
a proenzyme is activated, it activates, in turn, the next proenzyme, working as an 
amplyfier in chain-reactions. Protein cofactors (Factor V and Factor VIII), phos­
pholipids (cell membranes) and Ca2+ also participate in the reactions mentioned 
above (reviewed recently by Jackson and Nemerson, 1980). At each stage, zymogen 
activation rates are enhanced 104-105-times in these complexes over that observed 
with proenzyme and proteinase alone.
Blood coagulation may be initiated mainly by two pathways, i.e. the extrinsic 
and the intrinsic one (Davie and Fujikawa, 1975). The first one takes place via the 
action of a tissue-factor present in many tissues. Following vascular injury, the 
tissue-factor may get in contact with blood and accelerates the activation of Factor
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X by Factor Vila. Factor Vila consists of a disulfide-bridged two-chain molecule, 
with a Mr 45 000, containing active site serine in the heavy chain and the Gla- 
residues in the light chain (Zur and Nemerson, 1981). The formation of Factor 
Vila from Factor VII can be catalyzed by thrombin (Radcliffe and Nemerson,
1975) as well as by Factor XHa (Kisiel et ah, 1977). The intrinsic pathway of blood 
coagulation is supposed to be initiated by the activation of Factor XII. The activa­
tion process occurs on “surfaces” and it is called contact activation system. At least 
4 proteins are involved in the reactions: prekallikrein, Factor XI, Factor XII (zy- 
mogenes of serine proteinases) and high molecular weight kininogen (an accelera­
tor protein as well as a bradykinin precursor) (reviewed by Machovich, 1984b; 
Elődi and Elődi, 1983). It is suggested that the binding of the enzymatically in­
active Factor XII, a single polypeptide chain with a Mr 75 000, on a surface (e.g. 
damaged vessel, collagen), induces a conformational change and, as a result, the 
protein can react with prekallikrein or Factor XI yielding their activated forms. 
In turn, they activate additional Factor XII molecules at a much faster rate, since 
Factor XII adsorbed to a surface becomes susceptible to proteolysis. During ac­
tivation by kallikrein with limited proteolysis within a disulfide loop of the parent 
molecule, a two chain enzyme appears, called a-Factor XIla which contains all the 
amino acids of the precursor and remains bound to surface. This enzyme rapidly 
activates Factor XI (reviewed by Griffin, 1981). Alternatively, when proteolysis 
takes place outside the disulfide loop as well, a fragment with Mr 50 000 is formed 
(the surface binding site) and /9-Factor XHa is generated. The latter consists of two 
polypeptide chains with Mr 28 000, bridged by a disulfide bond. This form of 
Factor XHa is a poor activator of Factor XI and activates prekallikrein preferen­
tially (Haeimark et al., 1980). Thus, activation of Factor XII, Factor XI and pre­
kallikrein occurs as a “reciprocal process” resulting in a positive feedback mech­
anism.
S tru c tu re  and  fu n c tio n s  o f  th rom bin
As a consequence of reactions mentioned above, thrombin is formed. Throm­
bin is a serine proteinase with several specific biological functions (reviewed by 
Machovich and Horváth, 1981), i.e. it catalyzes fibrinogen-fibrin conversion, Fac­
tor XIII activation, platelet aggregation, activation of Protein C, Factor V, Factor 
VIII, Factor IX, Factor VII and affects endothelial cell biology, as well as mito­
genic stimulation of fibroblasts.
The complete primary structure of human and bovine thrombin has been 
reported (Magnusson et al., 1975; Butkowski et al., 1977). The molecule is com­
posed of a 49 residue А-chain and a 259 residue В-chain linked by disulfide 
bridges. The charge relay system, serine, histidine and asparagine acid residues 
are identified on the В-chain. This molecular structure is called a-thrombin. 
Partial proteolysis at arginine 122 of a-thrombin leads to the formation of /1-throm­
bin, a three-chain protein. A second cleavage at lysine 203 yields y-thrombin, 
a four-chain protein held together by disulfide bridges. All three active site residues 
(Ser 254, His 92, Asp 146) must remain in an active configuration in both ß- and
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y-thrombin, since they remain catalytically active toward low molecular weight 
substrates. Both ß- and y-thrombin lose most of the fibrinogen clotting activity 
but retain their sensitivity to antithrombin 111 (Lundblad et al., 1979; Bor­
sodi and Machovich, 1979; Fenton, 1981). The biological significance of ß- and 
y-thrombin is not known yet.
Regarding a-thrombin, its main target is fibrinogen, the basic component of 
blood coagulation (reviewed by Doolittle, 1981). Fibrinogen has a very special 
nature. Namely, although the molecule, a three-chain symmetric dimer with Mr 
340 000 held together by disulfide bridges, is fairly soluble in plasma, its solubility 
dramatically decreases after the release of two small peptides (containing 19 and 16 
residues) from the amino-terminal end of the parent molecule. The fibrin monomers 
formed are polymerized resulting in fibrin formation, the assemble of insoluble 
molecules. The proteolysis of the two peptides of the a- and /1-chain of fibrinogen 
is catalyzed by a-thrombin via a highly specific enzyme reaction (reviewed by Smith, 
(1984).
Plasmin formation
The essential reaction in fibrinolysis is the re-solution of fibrin formed by 
the enzyme action of plasmin. Plasmin, however, exists in plasma only when plas­
minogen, the enzymatically inactive precursor of plasmin, is converted to plasmin 
by plasminogen activators.
Plasminogen, a glycoprotein synthesized in the liver, consists of a single-chain 
polypeptide with Mr 90 000 (reviewed by Gaffney, 1981). From the viewpoint of 
activation process, three distinct regions of the molecule can be distinguished, i.e. 
the preactivation peptide (residues 1-76), the heavy А-chain containing five 
“Kringle” structures (residues 77-560) representing the fibrin binding site and the 
light В-chain (residues 561-790) with the active site region (Sottrup-Jensen et al., 
1978). Native plasminogen, with N-terminal Glu, is called Glu-plasminogen, 
whereas plasminogen with N-terminal Lys formed after removal of the activation 
peptide, is called Lys-plasminogen. Since the removal of the activation peptide 
depends on the activity of plasmin formed, it is reasonable to believe that the first 
plasmin molecule formed converts the Glu-plasminogen to Lys-plasminogen. 
Thereafter, the activation of Lys-plasminogen to Lys-plasmin is very rapid, en­
hancing the over-all rate of plasmin formation. The hydrolysis of Arg56n-Val5el 
bond, resulting in proteolytically active enzyme, can be catalyzed by proteolytic 
enzymes like urokinase or other plasminogen activators synthesized by endothelial 
cells or tumor cells (Binder et al., 1979; Markus, 1983). Another mechanism of 
activation is initiated by streptokinase, a single chain polypeptide with Mr 46 000, 
having neither esterase nor proteinase activity (reviewed by Gaffney, 1981). During 
activation, plasminogen and streptokinase form an equimolar complex which 
undergoes a conformational change leading to the formation of active site in plas­
minogen (Robbins and Markus, 1978). The activation process is influenced by 
several other plasma constituents, namely plasminogen, particularly Lys-plasmino-
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gen binds to fibrin, and the binding is competitively affected by a2-antiplasmin (Col­
len, 1980). Some plasminogen activators show also close interaction with fibrin, 
the plasmin substrate (Camiolo et al., 1971). Thus, it seems reasonable to presume 
that the whole process, the conversion of Glu-plasminogen to Lys-plasmin via 
Glu-plasmin and Lys-plasminogen formation, takes place on fibrin surface in the 
presence of fibrin bound activators and plasma proteinase inhibitors.
The final product, however, the Lys-plasmin digests fibrin, although it can 
act also on fibrinogen (Doolittle et al., 1977). When fibrin is not cross-linked by 
Factor Xllla, the proteolytic actions are similar to the digestion of fibrinogen, 
namely all the a, ß  and y chains of fibrinogen are partially hydrolyzed resulting in 
Fragment X with Mr 300 000, Fragment Y with Mr 150 000, Fragment D with Mr 
94 000 and Fragment E with M, 50 000 (Gaffney el ah, 1976). When cross-linked 
fibrin is attacked by plasmin, the fragments formed can be distinguished from the 
fibrinogen fragments, yielding also a unique large plasmin-resistant fragment (for 
details see review by Gaffney, 1981).
Plasmin, after digestion of fibrin clot, may be released and inactivated by 
the plasma proteinase inhibitor system.
Plasma proteinase inhibitors of thrombin and plasmin
Human plasma contains a large amount of proteinase inhibitors, i.e. about 
10% of plasma proteins are actually the inhibitors of blood coagulation and fibri­
nolysis. Of the proteinase inhibitors normally found in plasma, five proteins seem 
to play important role in the inactivation of thrombin and plasmin (reviewed by 
Machovich, 1984c; Collen, 1981), namely antithrombin III, a2-macroglobulin, 
oq-proteinase inhibitor, heparin cofactor II and a2-antiplasmin.
A n tith ro m b in  I I I
Antithrombin III, a single-chain glycoprotein composed of 425 amino acid 
with Mr 65 000, is responsible for about 70% of the total thrombin inactivating 
capacity of human plasma (reviewed by Abildgaard, 1979; Barrowcliffe and 
Thomas, 1981). Beside the inactivation of a-thrombin, antithrombin III inhibits 
ß -  and y-thrombins (Machovich et al., 1977; Chang et al., 1979; Borsodi and 
Machovich, 1979), various protéinases of blood coagulation (Damus et al., 1973), 
fibrinolysis (Higsmith and Rosenberg, 1974), complement system (Ogston et al.,
1976) trypsin (Wong et al., 1982) and papain (Valeri et al., 1980). Data in the litera­
ture suggest, however, that the accessibility of proteinases to antithrombin III in 
a complex with other blood components is limited (for details see Machovich, 
1984c).
Regarding the mechanism of action, antithrombin III forms a 1: lstoichio- 
metric complex with thrombin, plasmin, as well as with other serine proteinases 
via a specific Arg in the carboxy-terminal region of the inhibitor and the active
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site serine of the enzyme (Owen, 1975). The ester bond formed is not hydrolysed 
and, thus, the enzyme in the complex loses its proteolytic, amidolytic and esteroly- 
tic activities (Abildgaard, 1979). The reaction can be characterized by second order 
kinetics (Downing et ah, 1978; Machovich et ah, 1979), although the inactivation 
reaction follows a pseudo first-order kinetic when the concentration of inhibitor is 
in high molar excess over the enzyme (Machovich and Arányi, 1978), which very 
probably, is the normal in vivo  situation. The reaction is relatively slow, i.e. under 
near physiological conditions, thrombin inactivation takes some minutes.
The kinetics of thrombin, as well as plasmin inactivation by antithrombin 
III, however, change extremely in the presence of a naturally occurring polysac­
charide, heparin. Namely, the inactivation rate may be enhanced by several orders 
of magnitude and, as a consequence, enzyme inactivation takes only a few seconds. 
Heparin, a heterogenous population of polysaccharides synthesized in mammalian 
cells, consists of repeated units of N-sulfated as well as O-sulfated or acetylated 
glucosamine, L-iduronic acid and unsulfated D-glucuronic acid residues joined by 
1-4 glycosidic linkages, with an average molecular weight between 6000 and 30 000 
(Lindahl and Höök, 1978). It is an essential drug in the prevention and treatment 
of thromboembolic disease for about half a century (Wessler and Gitel, 1979; 
Steinbuch, 1982). Heparin is known to facilitate the complex formation between 
the enzymes of blood coagulation and antithrombin III, primarily via inactivation 
of thrombin (reviewed by Machovich, 1984c).
Regarding the mechanism of its action on the thrombin-antithrombin HI 
reaction, three hypotheses are usually mentioned in the literature. According to the 
“inhibitor-fitting” model, heparin binds to antithrombin 111 and activates it (Ro­
senberg and Da mus, 1973). The other, the “enzyme-fitting” model, gives the 
importance to a thrombin-heparin interaction, by which the enzyme is rendered 
more susceptible to the inhibitor (Machovich, 1975). The third possibility has been 
suggested by three groups independently at the same time, using different methods 
(Machovich and Arányi, 1978; Pomerantz and Owen, 1978; Laurent et al., 1978), 
i.e. both enzyme and inhibitor bind to heparin in an ordered structure, and on the 
“surface” the reaction between thrombin and antithrombin III is accelerated. 
Since the final complex formed binds less tightly to heparin than thrombin or 
antithrombin III alone, the complex is released and heparin reacts again with en­
zyme and inhibitor molecules, thereby acting catalytically (Machovich and Arányi, 
1978; Pomerantz and Owen, 1978). According to various considerations, heparin 
qualitatively fulfils several criteria of a catalyst: binding nature, reaction rate- 
enhancement, increase of activation entropy, recyclization of the heparin mole­
cule, effectiveness of non-stoichiometric amount of the polysaccharide, Michaelis- 
Menten saturation kinetics and specificity (Machovich and Horváth, 1981). This 
model seems to be valid for the plasmin-antithrombin III reaction as well (Macho­
vich et al., 1981 ; Stürzebecher and Markwardt, 1977; Smith and Sundboom. 1981).
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M acrog lobu lin
a2-Macroglobulin, a tetrameric plasma glycoprotein with Mr 725 000, in­
hibits the activity of thrombin and plasmin toward the natural substrate, whereas 
the activity on small molecular weight substrates are not impaired (Harpel, 1973). 
Following initial non-covalent complex formation, the reversibly bound proteinase 
molecule “activates” the inhibitor by cleaving a “bait” region. This triggers a con­
formational change rendering a thiol ester in a2-macroglobulin to be susceptible to 
nucleophilic attack (Wang et ah, 1981). In this state the proteinase molecule is 
entrapped within the inhibitor molecule and the thiol ester bond cleaved results in 
appearance of the free SH-group. Thereafter, this group reacts rapidly with a 
carbonyl group of the entrapped enzyme molecule to form covalent protein- 
ase-a2-macroglobulin complex (Howard, 1981). Thus, the enzyme is bound to the 
inhibitor at a site which is different from the active center.
H eparin  co fa c to r  I I
Although the biological significance of heparin cofactor II is unknown at 
present, data suggest that it may play important role in thrombin inactivation on 
the surface of various cells. Heparin cofactor II forms a 1 : 1 molar complex with 
thrombin and does not affect other proteinases of blood coagulation (Tollefsen 
and Blank, 1981). Its reaction with thrombin is accelerated by heparin, either puri­
fied on antithrombin III column or not, dermatanesulfate and heparan sulfate: 
he rate enhancements of the thrombin inactivation are between 1000 and 10 000- 
told (Tollefsen et ah, 1982).
{^ -P ro te in a se  inhibitor
Of the proteinase inhibitors present in plasma, ^-proteinase inhibitor is 
found in the highest molar concentration, i.e. approx. 50 p M  (Heimburger et ah, 
1971). It inactivates thrombin (Matheson and Travis, 1976), plasmin (Miszczuk- 
Jamska and Pajdak, 1979) and several other proteinases of the blood coagulation- 
fibrinolytic system although its main target is trypsin and additional pancreatic 
proteinases. The inhibitor forms a 1 : 1 stoichiometric complex with enzymes, in 
which the enzymes lose their activities (Johnson and Travis, 1976). The reaction is 
slow compared to the thrombin-antithrombin III reaction, and is not accelerated 
by heparin, the enzyme is even protected by heparin against ar proteinase inhibitor 
(Danishefsky and Pixley, 1979).
cto-Antiplasm in
a2-Antiplasmin, a single-chain glycoprotein with Mr 70 000, forms a stable 
1 : 1 stoichiometric complex with plasmin (Moroi and Aoki, 1976; Miillertz and 
Clemmensen, 1976; Wiman and Collen, 1977). The reaction between enzyme and 
inhibitor takes place in two phases, i.e. a fast reversible step (Kd и 2x 10“loM) 
with a rate constant of about 4x 10' M _1s_1 and a slower irreversible one with
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a rate constant of 4 x 10~Äs-1. The free lysin-binding sites of plasmin molecule are 
of great importance for controlling reaction rate of the interaction between enzyme 
and inhibitor, thereby regulating in vivo  fibrinolysis. The primary physiological 
target of a2-antiplasmin, known so far, is plasmin (for details see review by Collen, 
1981).
Fate of thrombin and plasmin in circulating blood
Experiments dealing with the metabolic fate of proteinase inhibitors and 
their complexes with enzymes indicate that thrombin, mainly in a complex with 
antithrombin III, disappears from the blood circulation very rapidly, with a t1/2 of 
7 min (Fuchs et ah, 1982). Dissociation of the complex with a probable transfer 
of proteinase to a2-macroglobulin and/or a specific clearance pathway for the intact 
complex have been suggested (Vogel et al., 1979; Lam et al., 1979; Shifman and 
Pizzo, 1982). Studies have shown that thrombin-antithrombin III complex and 
trypsin-ar proteinase inhibitor complex are cleared via a similar pathway, whereas 
the fate of trypsin-oc2-macroglobulin complex is different, although approx. 80-90% 
of all of these complexes can be found in the liver (Fuchs et al., 1982). Results with 
labelled complexes suggest that, while a2-macroglobuIin-proteinase complexes ac­
cumulate mainly in non-parenchymal liver cells, complexes with antithrombin III 
show significant accumulation in hepatocytes (Shifman and Pizzo, 1982; Ohlsson, 
1971). The existence of specific receptors, surmised from in vivo  experiments (Fuchs 
et al., 1982), is in good agreement with in v itro  findings, i.e. thrombin-antithrombin 
III complex binds selectively to isolated hepatocytes, whereas antithrombin III 
alone does not. The binding is time and concentration dependent at 37 °C with an 
apparent Km value of 0.8 pM (Bauer et al., 1982).
Regarding the fate of complexes of plasmin with plasma proteinase inhibi­
tors, only few data can be found in the literature. An increased disappearence of 
the complexes in v ivo  compared to the inhibitor, a2-antiplasmin alone is suggested 
(Collen and Wiman, 1979). Since a2-macroglobulin also plays a role in plasmin 
inactivation, and the a2-macroglobulin-proteinase complex is degraded by hepato­
cytes (Gliemann et al., 1983), this system may contribute to the removal of plasmin 
from circulating blood (Spolarics et al., 1985).
Binding of thrombin to endothelial cells
Thrombin, as a multifunctional enzyme, plays essential role in hemostasis as 
detailed earlier. One of its functions is the interaction with endothelial cells. 
The binding is rapid, and equilibrium between bound and free thrombin is attained 
aithin 1 min (Awbrey et al., 1979 ; Machovich and Csonka, 1982). After the rapid 
end reversible binding, however, a slower interaction of thrombin with endothelial 
wells takes place. The second step is irreversible, active-site-specific, and associated
A cta  Biochim ica e t B iophysica  A cadem iae S cien tia rum  H ungaricae  20, 1985
M a c h o v ic h :  F ib r in o ly tic  s y s te m  a n d  en d o th e lia l c e lls 143
with the formation of a covalent bond between thrombin and endothelial cell 
membrane (Lollar et al., 1980). Under equilibrium conditions, thrombin binds to 
the cells with high and low affinity, the active site of enzyme is not involved in this 
initial step (Lollar et al., 1980), and the release of bound enzyme is also rapid 
(Bauer et al., 1983).
S tru c tu re  o f  throm bin  necessary  f o r  b ind ing
Thrombin, modified chemically at the active center, binds also to platelets 
and heparin (Li et al., 1974; White et al., 1981). On the other hand, modification of 
arginine residues or one lysine residue results in the loss of heparin binding site of 
enzyme (Machovich et al., 1978; Griffith, 1979; Machovich et al., 1980). Further­
more, the binding of thrombin to endothelial cell is inhibited by heparin (Hatton 
et al., 1980; Machovich et al., 1983a). Although heparin also binds to endothelial 
cells (Machovich et al., 1983a; Glimelius et al., 1978) of high affinity, with a Kd of 
approx. 3x 10_7M (Bauer et al., 1983), the inhibitory effect of heparin seems to be 
a consequence of the binding of the polysaccharide to thrombin rather than to the 
cells, since binding of heparin to endothelial cell takes hours, while the thrombin- 
endothelial cell complex and the thrombin-heparin complex develop in minutes 
and seconds, respectively (Bauer et al., 1983; Arányi et al., 1977). Experimental 
results with modified thrombins indicate that one lysine residue, involved in the 
heparin binding site of the enzyme also participates in the binding of the enzyme 
with high affinity to endothelial cells (Bauer et al., 1983). Both interactions are 
close, namely the Kd for thrombin-endothelial cell is approx. 10-8 M, whereas that 
for the thrombin-heparin binding is about 10“9M (Bauer et al., 1983; Griffith,
1979).
The difference between the high and low affinity binding of enzyme is not 
clear at present in terms of cell receptors. The data mentioned above, however, 
suggest a model for the heparin binding site of thrombin and its relation to the 
binding sites for fibrinogen, platelet and endothelial cell. Accordingly, the fibrino­
gen binding site extends over a large portion of the enzyme surface overlaping with 
the low-affinity platelet binding site. The high-affinity platelet binding site overlaps 
with the heparin binding site, which is involved, at least partially, in the high af­
finity endothelial cell binding site as well. At present, no reliable information is 
available for the localization of the low-affinity endothelial cell binding site.
E ndo the lia l cell recep tor (s )  f o r  throm bin
Endothelial cells have the capacity to bind about 3 x 104 thrombin per cell 
with high affinity (Kd «  3 x 10-8 M) and approx. 3 x 106 molecules per cell with 
low affinity (Kd «  2x  10-6 M) (Bauer et al., 1983). These data change slightly 
depending on the origin of cells and thrombin molecules or even on the methods 
used for binding studies (Awbrey et al., 1979; Lollar et al., 1980; Hatton et al.,
1980).
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Regarding the high affinity receptors, only a few data are available in the 
literature at present. Even the basic nature of the structure elements is unknown, 
protein(s), heparan sulfate or specific lipid arrangement, all can be considered as 
receptors for thrombin binding. Recent results suggest that a membrane-bound 
cofactor, called thrombomodulin (Esmon et al., 1982), may be a specific candidate 
as the thrombin binding site of the cell (see later). It has also been found that the 
high affinity receptors for thrombin are different from that for plasmin (Bauer et 
al., 1984).
As to the low affinity receptors for thrombin, a protein of endothelial cell, 
with Mr 30 000 has been suggested to be responsible for the irreversible interaction 
between cell and enzyme. The reaction is slow, active-site-specific, and results in 
covalent bond formation between thrombin and the membrane protein (Lollar 
et al., 1980).
Thrombomodulin
Thrombin, as detailed above, has several biological functions. Among them 
thrombin controls its own formation via positive and negative feedback mecha­
nisms (for details see review by Machovich, 1984b). Thus, thrombin can accelerate 
prothrombin conversion through activation of blood coagulation proenzymes and 
cofactors, i.e. Factor V, Factor VII. Factor VIII, Factor IX; as well as by initiating 
platelet aggregation. On the other hand, thrombin may activate Protein C, and, 
as a consequence, the activated Protein C inactivates Factor Va (Kisiel et al., 1977; 
Walker et al., 1979), Factor Villa (Vehar and Davie, 1980) and induces fibrinolysis 
(Comp and Esmon, 1981), resulting in decreased thrombin formation and in­
creased thrombus resolution, respectively.
Protein C is a Vitamin-K-dependent plasma protein (Stenflo, 1976). Recently, 
its complete primary structure has been determined (Fernlund and Stenflo, 1982; 
Stenflo and Fernlund, 1982). Human as well as bovine Protein C is composed of 
a heavy chain with Mr 41 000 and a light chain with Mr 21 000, held together by 
a disulfide bridge (Kisiel, 1979). The light chain contains the y-carboxyglutamic 
acid residues (Fernlund et al., 1978) and is responsible for calcium binding. This 
precursor form of the enzyme can be activated by a-thrombin, resulting in a serine 
proteinase called activated Protein C (Kisiel, 1979). In the enzyme formed, the 
heavy chain contains the active site serine residue (Stenflo and Ferlund, 1982). 
During activation, thrombin cleaves an Arg-Ile bond between residues 14 and 15 
of the heavy chain (Kisiel, 1979). The activation is accelerated when thrombin 
binds to the endothelial surface (Esmon and Owen, 1981), i.e. the increase in the 
rate of activation in the presence of cells is greater than 20 000-fold (Owen and 
Esmon, 1981). A specific cell surface cofactor protein, called thrombomodulin, 
has been isolated, which accelerates the Protein C activation by thrombin (Esmon 
and Owen, 1982). Thrombomodulin, isolated from rabbit lung, shows an unusual 
behaviour during gel-electrophoresis causing difficulty in a molecular weight 
determination. The best fit Mr is 75 000 based on amino acid composition. The со-
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factor has an unusually high proline content. Thrombomodulin is exceptionally 
resistant to common dénaturants (heat, urea, guanidinium, SDS, pH change), but 
it is readily inactivated by /i-mercaptoethanol or pepsin (Esmon and Owen, 1982).
From a functional aspect, thrombomodulin is saturable by thrombin or 
Protein C with a Km of 0.48 nM or 0.72 pM, respectively (Owen and Esmon, 1981). 
Thrombomodulin has a high affinity for thrombin with a Kd of 0.5 nM, and the 
complex formed activates Protein C in a calcium dependent way (Esmon et al., 
1982). On the other hand, thrombomodulin inhibits the thrombin-fibrinogen reac­
tion, the activation of Factor V by thrombin, while protects thrombin against in­
activation by 0Í2 'macrogl°bulin (Esmon et al., 1982; Machovich et al., 1983).
According to these data, thrombomodulin is a specific modulator molecule 
for thrombin functions with a tendency for preventing thrombus formation on 
endothelial cell surface.
Thrombin inactivation on endothelial cell surface
Thrombin binds rapidly and tightly to endothelial cell as detailed above. 
While free thrombin reacts easily with fibrinogen, platelet or Factor XIII, endo­
thelial cell-bound enzyme is less reactive with fibrinogen. After the binding of throm­
bin to endothelial cell, there is a conformational change in the bound enzyme, like 
thrombin bound to heparin (Machovich and Arányi, 1978; Bauer et al., 1983). 
Although, the active center of the enzyme is not involved in the cell-enzyme inter­
action (Awbrey et al., 1979), the fibrinogen binding site of the bound enzyme is 
less available for the natural substrate, whereas interactions with Protein C and/or 
antithrombin III are facilitated, resulting in rate enhancements. Accordingly, endo­
thelial cell surface may function as a catalyst for the thrombin-antithrombin III 
reaction, similarly as suggested for heparin (Machovich and Arányi, 1978; Pome- 
rantz and Owen, 1978). In the ternary complex formed, an ordered structure takes 
place, i.e. enzyme and inhibitor are held in an oriented position. Thereafter, throm­
bin reacts with antithrombin III, the enzyme becomes inactive and the complex is 
released. The above model suggested from in v itro  experimental results (Bauer et 
al., 1983) is in agreement with in vivo  data (Lollar and Owen, 1980).
All of these changes in thrombin conformation and enzyme functions indicate 
an “antithrombotic tendency” of endothelial cell surface (Fig. 2).
Binding of plasmin to endothelial cells
There are many data in the literature concerning the interaction of thrombin 
with endothelial cell. On the other hand, the binding, and especially the role of 
plasmin in endothelial cell biology is not known at present. This question seems 
to be interesting since endothelial cells produce plasminogen activators (Loskutoff
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Fig. 2. Thrombo-resistance of endothelial cell. Under normal conditions, endothelial cell 
surface displays antithrombotic feature via various mechanisms. Thus, the conversion of 
fibrinogen (Fg) to fibrin (F) as well as the activation of platelets (PL) are inhibited by several 
reactions, whereas the re-solution of thrombus (F-PLa), if formed, is accelerated by plasmin 
(P). Thrombin (Tf) formed from prothrombinase complex (ProTc) can clot fibrinogen and 
activate platelet resulting in thrombus formation. Thrombin, however, bound to endothelial 
cell surface (Tb) is less reactive toward fibrinogen substrate, while it activates protein C (Pc) 
more easily. In this reaction very probably, thrombomodulin (TM) is involved. As a conse­
quence, activated protein C (Pea) inhibits additional thrombin formation from the prothrom­
binase complex. The bound enzyme is more susceptible to inactivation by antithrombin 
III (AT) and, in this reaction, very probably, heparan sulfate (HS) is involved as well. More­
over, thrombin can initiate increased prostacyclin (PGI2) release and accelerates the conversion 
of the adenosine tri-, di- and monophosphate (ADP) to adenosine (A) : both metabolites are 
known to inhibit platelet aggregation. Finally, endothelial cell has the capacity to synthesize 
plasminogen activator (PA) and, as a consequence, plasminogen (Pg) is converted to plasmin 
(P) resulting in re-solution of fibrin (F) formed. All of these reactions indicate the thrombo- 
resistance of endothelial cell surface.
Wide arrows stand for conversion or conformational change, dotted arrow for unfavourable 
reaction route, whereas narrow arrows for action, either acceleration (simple) or inhibition
(crossed)
and Edington, 1977), and thus, the local plasmin level will rise. Moreover, plas­
minogen activators are believed to be involved in the initiation of arteriosclerosis 
(Smokovits, 1980) as well as in the metastasis of tumor cells (Markus, 1983).
Recent results in the literature demonstrate that plasmin, but not plasmino­
gen, binds to endothelial cells of high and low affinity with a Kd of approx. 10~9 
and 10~8 M, respectively. The binding is very rapid, i.e. equilibrium between bound 
and free enzyme is attained within 90 s, and the bound plasmin is spontaneously 
released in 2 min. For binding, neither the active center, nor the heparin binding 
site of plasmin is necessary (Bauer et al., 1984).
In terms of receptors of endothelial cells, approx. 104 sites/cell and 7 x 104 
sites/cell has been found for high affinity and low affinity binding sites, respectively.
Regarding the specificity of the receptors for proteinases, data indicate that 
the receptors are different for plasmin and thrombin (Bauer et al., 1984).
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Thrombin, piasmin and endothelial cell
A rach id o n ic  a c id  m etabo lism
Endothelial cells take up arachidonic acid from their environment and in­
corporate it into phospholipids (Needleman et ah, 1979). Thereafter, the incor­
porated fatty acid can be released by the action of phospholipase A2 via phospho­
lipase C activation in a calcium dependent way (D’Amore and Shepro, 1977). Once 
released, arachidonic acid is rapidly converted to prostaglandin endoperoxides by 
cyclo-oxygenase via oxygenation and cyclization of the fatty acid. These interme­
diates may be acted upon by several enzymes to form products with different biologi­
cal activities. Our knowledge about the way of reactions in endothelial cell is rather 
limited at present. Prostacyclin (PGI2) is one of the major products of arachidonic 
acid metabolism studied intensively, since PGI2 plays an important role in the 
inhibition of platelet aggregation (Monkada and Vane, 1978). The production of 
PGI2 is controlled by various mechanisms. Deactivation of PGI2-synthetase by 
oxidizing species of arachidonic acid pathways has been proposed as one of the 
possible modulators (Ham et al., 1979). )?-Thrombomodulin secreted by platelets 
has been also found to inhibit PG12 release (Hope et al., 1979). Moreover, cortico­
steroids inhibit PGI2 synthesis and it is supposed that this is the consequence of 
decreased synthesis of phospholipases (Blajchman et al., 1979). The cyclooxygenase 
system of endothelial cells is another critical step in the regulation of PG12 synthe­
sis. Its activity is inhibited by cAMP (Samuelsson et al., 1978) and the enzyme is 
inhibited by lipid peroxides transported by low density lipoproteins. It is assumed 
that these actions play role in the development of arteriosclerosis (Marcus et al., 
1982). As an opposite control mechanism, PGI2 production can be accelerated by 
angiotensin II formed from angiotensin 1 by the angiotensin converting enzyme 
of the endothelial cell membrane (Gryglewskietal., 1979). Since bradykinin, formed 
during activation of Factor XII and prekallikrein, enhances the effect of angio­
tensin II on PGI2 synthesis and releases PGI2 and thromboxane A2 as well (Crutch- 
ley et al., 1983), the kinin-system and blood coagulation seem to co-operate in 
endothelial cell arachidonic acid metabolism. Furthermore, thrombin, the final 
enzyme product of the blood coagulation cascade, initiates also PGI2 production 
(Weksler et al.. 1978; Hoak et al., 1980; Bauer et al., 1984). The mechanism of 
thrombin action is not clear at present, although a thrombin stimulated calcium 
influx and thereby phospholipase activation seems to be a reasonable explanation. 
PGI2 production, however, cannot be stimulated continuously by thrombin. It is 
proposed that this process is regulated by different feedback mechanisms (Dejana 
et al., 1983), e.g. the PGI2 synthesized inside endothelial cells increases endogenous 
cAMP level and, in turn, it inhibits further PGI2 production. The arachidonic acid 
metabolism in endothelial cells, however, is rather complicated. Recently two pools 
of cyclooxygenase system have been found, and suggested that one is responsible 
for thrombin action (Willems et al., 1982).
As to the the possible relations between piasmin and the arachidonic acid 
metabolism of endothelial cells, only few data are available, namely arachidonic
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Fig. 3. Arachidonic acid metabolism of endothelial cell. Endothelial cell takes up arachidonic 
acid (zl4Ach) and incorporates it into phospholipids (PL). Various stimuli, including thrombin 
(T), collagen etc., release arachidonic acid from the phospholipid via activation of phospho­
lipase (PL-ase). The free fatty acid, thereafter, is converted to prostaglandin (PG) endoper- 
oxides by the cyclooxygenase system. Arachidonic acid liberated from phospholipid, however, 
may be utilized by lipoxygenase resulting in the formation of lipid peroxides and, in turn, they 
inactivate the cyclooxygenase enzyme. On the other hand, endoperoxides formed can be con­
verted mainly to prostacyclin (PGI2) by prostacyclin synthetase and, in a negligible amount, 
to thromboxane A2 (TXA2) by thromboxane synthetase. The prostacyclin formed is secreted 
by the cell into blood circulation, although its endogeneous pool may control its formation 
through negative feed-back mechanism, by increasing cAMP level which inhibits the cyclo­
oxygenase system. Prostacyclin release, however, can be accelerated by angiotensin II (At-II) 
and by bradykinin (BK) partially via enhanced conversion of angiotensin I by the angiotensin 
converting enzyme (АТС). The mechanism of these actions is not known at present.
Endothelial cell has also the ability to synthesize tissue factor (TF), Factor VIII: von 
Willebrand Factor (F-VIIIvwf) and Factor XII activating enzyme (XII-AE). These cellular 
components are involved in the activation of blood coagulation system resulting in bradykinin 
as well as thrombin formation. Since thrombin induces prostacyclin release, the functions 
detailed above may play role in the localization of the thrombus formation on the damage
vessel wall
acid incorporated into phospholipids of endothelial cells is released by plasmin, 
but a change in the rate of prostacyclin formation is not measurable, at least, in 
aortic endothelial cells (Bauer et al., 1984). The above mentioned data are briefly 
summarized in Fig. 3.
C om ponen ts  o f  end o th e lia l cells w ith coagu lan t na ture
Endothelial cells show both anticoagulant and thrombotic nature (Kirchof 
and Grünwald, 1982). A procoagulant factor has been identified as thromboplastin, 
tissue factor (Maynard et al., 1977). The synthesis of this component is inducible
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by endotoxin, tumor promoter phorbol ester and by granulocytes and lymphocytes 
as well as platelets or their extracts (Lyberg et al., 1983; Johnsen et al., 1983). 
Thromboplastin (tissue factor), a phospholipid-protein complex, is the most potent 
trigger of blood coagulation, although it cannot be in contact with blood without 
damage of cells. Factor VII Iwf, a large glycoprotein with Mr 106, has also been 
found to be synthesized by endothelial cells (Jaffe et al., 1974). It plays an important 
role in the adhesion of platelets to the vessel wall (Sakariassen et al., 1979). More­
over, endothelial cells possess an enzyme that can activate Factor XII by a specific 
cleavage. Factor XII may be the main target for this enzyme, since neither Factor 
XI nor prekallikrein is activated by it. On the other hand, the Factor Xlla formed 
leads to activation of both the coagulation and kinin-forming pathways (Wiggins 
et al., 1980).
Endothelial cells have also the capacity for thrombotic tendency via inhibi­
tion of the fibrinolytic system. Fibrinolysis inhibitor(s) (Pugatch et al., 1970), 
probably a2-macroglobulin synthesis in the cells is described (Esnard et ah, 1982). 
On the other hand, the production of plasminogen activator synthesized by endo­
thelial cells is inhibited in the presence of thrombin. This effect, however, is found 
only under in vitro  experimental conditions (Loskutoff, 1979; Levin and Loskutoff 
1982).
Endothelial cells also synthesize several components of the vessel wall, thus 
the production of collagen (Sixma, 1981), elastin, microfibrils and glycosamino- 
glycans (Eloward et al., 1976; Jaffe et al., 1976; Buonassisi and Root, 1975), as well 
as fibronectin (Busch et al., 1979) has been described. The latter, a glycoprotein of 
Mr 440 000 being transported towards the adventitia, plays an important role in 
cell-cell contacts (reviewed by Waxier et al., 1979).
C om ponen ts o f  endo thelia l ce lls w ith  an ticoagu lan t na ture
The nature and functions of thrombomodulin as well as Protein C, as pro­
tection of cell surface against thrombus formation, have been discussed earlier. 
It was also mentioned that endothelial cells secrete materials with the capacity to 
inactivate thrombin (Yamada and Olden, 1978). Besides, endothelial cells have 
other components either with anticoagulant character or with fibrinolytic activity. 
Several types of cells synthesize sulfated mucopolysaccharides, e.g. subendothelial 
cells, tumor cells, endothelial cells, etc., but only endothelial cells secrete a species 
of heparan sulfate with anticoagulant activity (Buonassisi and Colburn, 1983). 
Heparin also binds to endothelial cells (Bauer et al., 1983) and this interaction 
may influence thrombin function as well as endothelial cell biology. Another mech­
anism by which endothelium is related to the resistance to thrombogenesis is the 
presence an ectonucleotidase system on the cell, namely nucleoside triphosphatase, 
-diphosphatase and 5’-nucleotidase catabolize ATP, ADP and AMP leading to the 
formation of adenosine (Dosne et al., 1978; Pearson and Gordon, 1979). The reac­
tions are stimulated by thrombin (Glasgow et al., 1978; Pearson et al., 1980). 
This system may play an important role in hemostasis because ADP is a powerful 
inducer of platelet aggregation, while adenosine is inhibitory (Burnstock, 1979).
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The endothelial cells contribute to the resolution of fibrin by plasmin via 
conversion of plasminogen by synthesizing and secreting plasminogen activator 
(Loskutoff and Edington, 1977; Buonassisi and Venter, 1976). The activator, with 
Mr 50 000, is membrane-associated and is in a latent form intracellularly, because 
of the presence of a cellular inhibitor (Levin and Loskutoff, 1979).
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Thrombin and plasmin are inactivated by antithrombin III at different rates. 
Heparin, at a catalytic amount, increases primarily the inactivation rate of thrombin. 
The two proteinases compete for heparin, i.e. heparin is preferably attracted by throm­
bin. Furthermore, fibrinogen as well as fibrin protect plasmin against inactivation by 
antithrombin III. However, at high concentration of heparin, plasmin inactivation by 
antithrombin III is accelerated even in the presence of fibrinogen or fibrin.
The primary function of thrombin is the initiation of clot formation, whereas 
plasmin dissolves the thrombus formed. The balance between the two reactions 
influences haemostasis and its pathological changes. Both thrombin and plasmin 
can be inactivated by antithrombin III (Abildgaard et al., 1970; Highsmith and 
Rosenberg, 1974), and heparin accelerates these reactions via binding to the enzyme 
and the inhibitor (Machovich, 1975; Hatton and Regoeczi, 1977; Machovich et al., 
1981a; Damus et al., 1973). As a consequence, heparin may inhibit or favour the 
development of thrombosis. Since the two mechanisms, i.e. thrombosis and fibrino­
lysis can proceed simultaneously, the effect of heparin on these opposing reactions 
is not indifferent from the clinical viewpoint.
To understand these reactions, we examined the sensitivity of thrombin and 
plasmin to heparin and antithrombin III under the same conditions. Therefore, 
thrombin and plasmin were mixed, thereafter heparin and/or antithrombin III was 
added. The remaining enzyme activities from the same reaction mixture were 
determined at various intervals with specific substrates for thrombin and plasmin.
The results indicate that thrombin is approximately 5-times as sensitive to 
antithrombin III as plasmin, whereas in the presence of catalytic amounts of hepa­
rin, the sensitivities increase about 13-times at the molar ratios of 1 mole heparin 
to 16 moles thrombin and 14 moles plasmin. Furthermore, the two enzymes seem 
to compete for heparin, i.e. when plasmin and thrombin are incubated together, 
the heparin effect on the rate of plasmin inactivation cannot be seen, suggesting 
that heparin is displaced from plasmin to thrombin.
Experimental
M a teria ls
Sulfopropyl-Sephadex C-50 and Sephadex G-25 were purchased from Phar­
macia Fine Chemicals, Uppsala, Sweden. Fibrinogen (human, grade L), H-D-Val-
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Leu-Lys-p-nitroanilide dihydrochloride (S-2251), H-D-Phe-Pip-Arg-p-nitroanilide 
dihydrochloride (S-2238) and streptokinase (Kabikinase) were the products of 
Kabi Diagnostica, Stockholm, Sweden. Lysine-Sepharose 4B was the product of 
Sigma Chemical Co., St. Louis, USA. Heparin (bovine intestine with a specific 
activity of 165 units/mg) was obtained from G. Richter Pharmaceuticals, Budapest, 
Hungary. One unit is defined as 7.6 pg of the International Standard Heparin pre­
paration (Jaques et al., 1973). Other chemicals were purchased from Reanal Fine 
Chemicals, Budapest, Hungary.
M e th o d s
Human thrombin was isolated from Cohn Fraction III as published by 
Fenton II et al. (1977). a-Thrombin was further purified by chromatography on 
Sulfopropyl-Sephadex C-50 as described by Lundblad et al. (1976). The specific 
activity of a-thrombin obtained was approximately 3200 NIH units/mg of protein.
Plasminogen was purified from human plasma by the method of Deutsch 
and Mertz (1970), desalted, freeze-dried and stored at —18 °C. The preparation 
contained approximately 60% Glu and 40% Lys plasminogen. Immediately before 
experimentation, plasminogen was activated by streptokinase (10 pg/mg of plas­
minogen) at 25 °C for 20 min in 0.1 M sodium phosphate buffer, pH 7.4 containing 
0.1 mM 6-aminohexanoic acid. Thereafter, plasmin was gel-filtered on Sephadex 
G-25 equilibrated with 0.1 M sodium phosphate buffer, pH 7.4. The specific activity 
of the plasmin preparation was 7.8 units/mg determined with Cagtest (Kabi AB) 
as a standard.
Antithrombin III, purified from human plasma (Wickerhauser et al., 1979), 
was the product of the American Red Cross Fractionation Center, Bethesda, USA. 
The final product of inhibitor protein, over 95 % purity, was freeze-dried and before 
experimentation it was dissolved in 0.15 M NaCl containing 0.01 M sodium phos­
phate buffer, pH 7.4.
Protein concentrations were determined as described by Lowry et al. (1951) 
with bovine serum albumin as standard.
Iodination of fibrinogen was carried out according to the chloramine-T meth­
od at 22 °C for 30 s. To assay fibrin degradation, 20-50 pg fibrin (approximately 
9 X 104 cpm) was incubated at 22 °C with plasmin and other additives in a 0.5 ml 
final volume containing phosphate buffered saline pH 7.4 and 0.1 mg/ml gelatin, 
At various intervals, 50 pi of samples were withdrawn and determined for radio­
activity.
Thrombin activity toward fibrinogen substrate and plasmin activity toward 
synthetic substrate were determined as detailed earlier (Machovich and Arányi, 
1978; Machovich et al., 1981b).
Assay of thrombin and plasmin inactivation was carried out as follows. 
Thrombin (57 pg/ml) and plasmin (106 pg/ml) were preincubated in the absence 
or presence of heparin (0.2 or 1 pg/ml) containing 0.04 M phosphate buffer, pH 7.4 
in 0.5 ml volume. Thereafter, antithrombin III, in a final concentration of 490 
pg/ml, was added and further incubated at 22 °C. At various intervals, aliquots of
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0.02 ml for thrombin and 0.1 ml for plasmin were taken for assay. The enzyme 
activities were determined in 0.5 ml final volumes containing 0.05 M sodium phos­
phate buffer, pH 7.4 and 0.2 mM S-2238 or 0.3 mM S-2251 substrate for thrombin 
or plasmin activity, respectively. The change in absorbance at 405 nm was moni­
tored with a Beckman Model 25 spectrophotometer.
Initial velocities were plotted in a semilogarithmic representation versus 
time, and pseudo-first-order rate constants were calculated using the equation:
U /2
Molar concentration for thrombin, plasmin, antithrombin III and heparin 
was calculated by using molecular weights of 36 000 (Fenton et a l, 1977) 76 000 
(Gaffney, 1981) 65 000 (Abildgaard et ah, 1970) and 11 000 (Hilborn and Anastas- 
siadis, 1971), respectively.
Results
To study the possible competition between thrombin and plasmin for heparin 
and antithrombin III, the two enzymes were mixed either alone or with heparin, 
and thereafter antithrombin III was added. At various intervals aliquots of reaction 
mixtures were taken and determined for thrombin and plasmin activity simulta­
neously. The activity of thrombin or plasmin was not influenced by the presence 
of each other (data not shown).
The inactivation rate of thrombin as well as that of plasmin by antithrombin 
III can be described by first-order-rate constants, when the inhibitor is in molar 
excess to enzymes (Machovich and Arányi, 1978; Machovich et ah, 1981b). 
Under our experimental conditions, the concentrations of the inhibitor were a 4-5- 
fold higher than that of the enzymes. Figure 1 shows that the inactivation rate of 
thrombin was higher than that of plasmin, namely 50% of thrombin was inactivat­
ed in 5.1 min, whereas the same per cent of plasmin activity was lost only after 
10 min. These /1/2 data did not differ essentially when inactivation rates were 
measured from a reaction mixture containing both thrombin and plasmin. The re­
sults suggest that plasmin does not compete with thrombin for antithrombin III, 
when the latter is in excess as in the case of whole plasma.
At very low concentration of heparin (molar ratios for heparin, thrombin, 
plasmin and antithrombin III: 1 to 80, 70 and 370, respectively), the rate of throm­
bin inactivation increased by approx, four-fold when either thrombin was alone or 
plasmin was also added. This amount of heparin resulted in less than two-fold 
increase of the rate of plasmin inactivation. However, in the presence of thrombin, 
the accelerating effect of heparin on the reaction between plasmin and antithrombin 
III diminished. The findings are summarized in Table 1.
At a higher heparin concentration (1 x 10~7 M), the rate of thrombin inac­
tivation increased 29-fold, and was not altered in the presence of plasmin. On the
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Fig. 1. Inactivation rate of thrombin and plasmin by antithrombin III and heparin. 1.6 /(M 
thrombin was premixed with 1.4/rM plasmin in the absence or presence of heparin. Thereafter, 
7.5 ,«M antithrombin III was added and incubation was carried out as detailed in Experimen­
tal. a) Thrombin +  plasmin (•), thrombin +  antithrombin III ( v ) ,  thrombin +  plasmin +  
+  antithrombin III (▼), thrombin +  antithrombin III +  20 nM heparin (д), thrombin +  
+  plasmin + antithrombin III +  20 nM heparin (a ), thrombin +  antithrombin III +  lOOnM 
heparin (□), thrombin +  plasmin +  antithrombin III +  100 nM heparin (■). b) Plasmin +  
+  thrombin (»), plasmin +  antithrombin III ( v ) ,  plasmin +  thrombin +  antithrombinlll 
(▼), plasmin +  antithrombin III +  20 nM heparin ( д ) ,  plasmin 4- thrombin +  antithrombin 
III +  20 nM heparin (a ), plasmin +  antithrombin III +  100 nM heparin (□), plasmin +  
+  thrombin +  antithrombin III +  100 nM heparin (■)
Table 1
Influence o f heparin on the inactivation rate of thrombin and plasmin in 
the presence o f antithrombin III
Enzymes H eparinadded
Thrombin 
к (m in -1)
Plasmin 
к (min - 1)
Thrombin non 0.117 _
Plasmin non — 0.023
Thrombin plus plasmin non 0.135 0.023
Thrombin 20 nM 0.41 —
Plasmin 20 nM — 0.04
Thrombin plus plasmin 20 nM 0.43 0.023
Thrombin 100 nM 3.40 —
Plasmin 100 nM — 0.26
Thrombin plus plasmin 100 nM 3.40 0.13
First-order-rate constants were determined from Fig. 1.
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Fig. 2. Effect of fibrinogen and fibrin on the inactivation of plasmin by antithrombin III and 
heparin. 0.58 fiM plasmin was incubated at 25 °C with 5 /<M antithrombin III in the presence 
of 0.5 /(M heparin and 1.5 fiM  fibrinogen or 0.25 /iM 125I-fibrin. At various intervals, aliquots 
of reaction mixtures were taken and determined for remaining enzyme activity or radioactivity 
released, a) Plasmin alone ( o ) ,  plasmin +  fibrinogen (•), plasmin +  antithrombin III ( д ) ,  
plasmin +  antithrombin III +  heparin (a ), plasmin +  antithrombin III +  fibrinogen (□), 
plasmin +  antithrombin III +  fibrinogen +  heparin (■). b) Release of fibrin degradation 
products by 0.06 /iM plasmin was measured in the presence or absence of 1 ,aM antithrombin 
III and 0.1 /tM heparin : plasmin alone ( o )  plasmin 4- antithrombin III ( a ), plasmin +  heparin 
( v ) ,  plasmin -f- antithrombin III +  heparin (a )
other hand, plasmin inactivation was enhanced by 11-fold, but in the presence of 
thrombin it was only 5.6-fold.
Since plasmin inactivation by antithrombin III in the plasma takes place 
in the presence of fibrinogen, we examined its possible effect on the enzyme-inhibi­
tor reaction. The results (Fig. 2a) indicate that fibrinogen, even at a concentration 
of 6-fold less than that of the physiological one, diminished the interaction between 
plasmin and antithrombin III. However, in the presence of high concentration of 
heparin (0.5 /rM), plasmin inactivation by antithrombin III was enhanced suggest­
ing that heparin released plasmin from the plasmin-fibrinogen complex. To under­
stand the relation between fibrinogen and heparin, we examined also the concen­
tration dependence of their effects on plasmin inactivation by antithrombin III. 
As it can be seen from Figs 3 and 4, fibrinogen, at a concentration of 2.5 mg/ml, 
inhibited totally plasmin inactivation, whereas heparin, at a concentration of 25 
^g/ml, restored plasmin sensitivity to antithrombin III.
In another set of experiments, the effect of fibrin on the plasmin-antithrombin 
III reaction was investigated. l!'5I-labelled fibrin was incubated with plasmin and 
antithrombin III and heparin. At various intervals, aliquots of the reaction mix­
tures were taken for the determination of radioactivity released. As it can be seen
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Fig. 3. Dependence of piasmin inactivation by antithrombin III on the concentration of fibrino­
gen. 0.58 /vM piasmin was incubated with 5 ,uM antithrombin III and various concentrations 
of fibrinogen in the presence of 30 mM sodium phosphate buffer, pH 7.4 containing 0.11 M 
NaCl. At different periods, remaining piasmin activity was determined, and first-order rate
constant was calculated
from Fig. 2b, antithrombin III was able to inhibit fibrinolysis only in the presence 
of relatively high concentration of heparin. These data are in accordance with the 
findings above.
Fig. 4. Dependence of piasmin inactivation by antithrombin III on the concentration of heparin 
in the presence of fibrinogen. 0.58 pM  piasmin, 1.7 //M antithrombin III and 1.1 /iM fibrinogen 
were incubated in the presence of various concentrations of heparin in 30 mM sodium phos­
phate buffer, pH 7.4 containing 0.11 M NaCl. At different periods, remaining piasmin activity 
was determined and first-order-rate constant was calculated
Discussion
It is generally believed that antithrombin III acts primarily through the 
enzymes of blood coagulation, and its influence on the fibrinolytic system, i.e. the 
inactivation of piasmin, is negligible. In our present work, we demonstrate that
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it is very probably the case, especially when plasmin is bound to fibrin or fibrinogen. 
Namely, whereas thrombin is inactivated easily by antithrombin III, plasmin 
activity is not influenced by this inhibitor in the presence of fibrinogen or fibrin.
However, when heparin is also present, the sensitivity of these two enzymes 
are changed. At low concentrations of heparin, at a catalytic amount, only the 
inactivation rate of thrombin is increased when thrombin and plasmin are together. 
At high concentration of heparin, at a therapeutical level, heparin makes also 
bound-plasmin available for antithrombin III. From these data, we conclude that 
one should consider the risk of the inhibition of fibrinolysis at high dose heparin 
therapy.
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Pyrimidine Salvage Enzymes in Human Tonsil Lymphocytes. 
I. Separation and Properties of Thymidine Kinase Isoenzymes
Mária Sasvári-Székely , Mária Staub , A. G uttmann, Veronika T örcsvári,
F .  A n t o n i
First Institute of Biochemistry, Semmelweis University, Medical School, Budapest, Hungary
(Received December 15, 1983)
Two forms of deoxythymidine kinase were separated from human tonsillar lym­
phocytes on DEAE-Sephadex column (peak 1 and peak 2 isoenzymes) and identified 
by gel electrophoresis. Both isoenzymes were found in freshly prepared lymphocytes 
as well as in lymphocytes cultured in the presence or absence of phytohaemagglutinin, 
but freshly prepared and phytohaemagglutinin-stimulated cells contained higher 
activity of peak 1 isoenzyme than the cultured, non-stimulated ones.
Kinetic properties and feed-back inhibition of the two separated isoenzymes 
were compared. The apparent Km values of isoenzyme 1 and 2 were 4 /гМ and 5 /(M 
for thymidine and were 0.15 mM and 0.12 mM for ATP, respectively. Isoenzyme 1 was 
found to be more sensitive to heat dénaturation at 55 °C, and to feedback inhibition 
by dTTP than isoenzyme 2. On the contrary, isoenzyme 1 was more resistant to dCTP 
inhibition than the other one.
It is concluded that the isoenzyme 1 activity correlates with the synthesis of DNA, 
while the activity of isoenzyme 2 seems to be constant. The high activity of isoenzyme 1 
in freshly isolated tonsil lymphocytes supports their active proliferation in the organ.
Mitogen stimulation with phytohaemagglutinin is the most frequently used 
way to induce lymphocytes to proliferate in vitro (Nowell, 1960). This stimulation 
process involves an increase of DNA synthesis, paralleled by activation of several 
enzymes involved in either DNA replication (Loeb et ah, 1968; Tyrsted et ah, 1973) 
or synthesis of precursors for DNA replication (Loeb et ah, 1970; Pegorago and 
Bernengo 1971; Barlow and Ord, 1975; Piper et ah, 1980).
Tonsil lymphocytes have been characterized as cells stimulated in vivo 
(Staub et ah, 1976, 1978, 1982; Staub and Antoni, 1978; Sasvári-Székely et ah, 
1983), by a high rate of 3H-uridine (Staub et ah, 1976; Staub and Antoni, 1978) 
and 3H-thymidine incorporation (Staub et ah, 1978), a high level of DNA poly­
merase and thymidine kinase activity (Staub et ah, 1982). These data together with 
the flow cytometric analysis indicate that the tonsillar lymphocytes seem to be in 
the early S phase of the cell cycle (Sasvári-Székely et ah, 1983).
It has been hypothesized that the activity of thymidine kinase is closely 
related to the cell proliferation, since elevated enzyme level has been found in 
regenerating, and fetal rat tissues (Machovich and Greengard, 1972; Klemperer 
and Haynes 1968), various neoplastic rat (Hashimoto et ah, 1969) and human 
(Gordon et ah, 1968) tissues and stimulated lymphocytes (Loeb et ah, 1970; 
Pegorago and Bernengo 1971; Barlow and Ord, 1975; Piper et ah, 1980). Other 
evidence for this assumption was provided by studies on mitogen stimulated lym­
phocytes (Munch-Petersen and Tyrsted, 1977) and other dividing cells (Okuda et
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al., 1972; Hatanaka and Dulbecco, 1967; Görbner, 1979; Yamada et al., 1979, 
1980; Lee and Cheng, 1976; Adler and McAuslan 1974; Caron and Unsworth, 
1978; Nawata and Kamiya, 1975; Kit, 1976; Taylor et al., 1972). It was found that 
mitogen stimulation of blood lymphocytes was paralleled by the appearance of 
a new highly active isoenzyme (Munch-Petersen and Tyrsted, 1977). These facts 
suggest a close correlation between DNA synthesis and the appearance of this 
isoenzyme.
The present communication deals with the separation of thymidine kinase 
isoenzymes from tonsillar lymphocytes and with comparison of kinetic and regula­
tory proporties of partially purified isoenzymes.
Materials and methods
C e ll source
Tonsillar lymphocytes were obtained from surgically removed tonsils of 
3-6 year-old children as described previously (Staub et al., 1976). Tonsillar lym­
phocytes were used immediately for enzyme preparation (extract of freshly pre­
pared cells) or were cultured for 48 h in the presence or absence of phytohaemag- 
glutinin as described earlier (Staub et al., 1982).
M a ter ia ls
DEAE-Sephadex A-25 was purchased from Pharmacia (Uppsala, Sweden), 
Phytohaemagglutinin (P grade) from Difco Laboratories (Detroit, Mich., U.S.), 
and DEAE-cellulose paper (Whatman DE-81) was obtained from W. and R. 
Balston Ltd. (Springfield Mill, Maidstone, Kent, England). Unlabelled deoxyribo- 
nucleosides and deoxyribonucleotides were purchased from Sigma Chemical Co. 
(St. Louis, M., U.S.). 3H-thymidine (spec. act. 96.2 x 1010 Bq, i.e. 26 Ci/mmol) from 
the Institute of Isotopes (Prague, Czechoslovakia), the other reagents were from 
Reanal (Budapest, Elungary).
P repara tion  o f  ce ll e x tra c t
The cell suspensions were centrifuged at 500 g  for 10 min and the cell pellet 
was drained and resuspended at a cell concentration of 0.5 x 108-2 x  108 cells per 
ml in a 50 mM Tris-HCl buffer (pH 7.5) containing 1 mM MgCl2 and 1 mM di- 
thiothreitol (called buffer H). The cells were disrupted with a motor-driven, tightly 
fitting teflon pestle in a glass homogenizer three times, for 2 min. The homogenate 
was centrifuged for an hour at 105 000 g. The supernatant was used as crude extract 
of the cells.
D E A E -S ep h a d e x  chrom atography
The crude extract was fractionated by adding saturated (NH4)2S 0 4(pH7.5) 
to 50% saturation, and the mixture was stirred for 20 minutes. After centrifugation 
at 10 000 g  for 20 min, the precipitate was dissolved in 5 volumes of buffer H, 
brought to 25% saturation of (NH ,)2SO„ and left for two hours at 0 °C. The pre-
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cipitate was then centrifuged at 10 000# for 20 min, and the supernatant was 
extensively dialyzed against buffer H. The dialysate was centrifuged again at 
10 000 g  for 20 min, and the supernatant was loaded onto a DEAE-Sephadex A-25 
column (1 X 30 cm) previously equilibrated with the same buffer. Gradient elution 
from 0.0 to 0.4 M KCI, or stepwise elution (0.015 M and 0.4 M) was used as in­
dicated in the legends. Fractions of 3 ml were collected. All procedures were per­
formed at 0 to + 4  °C.
N on-dena turing  p o lyacry lam ide  g e l e lec trophoresis  an d  in s itu  de term ina tion  o f  
en zym e  a c tiv ity
Slab-gel electrophoresis was performed under non-denaturating conditions 
(Mechalietal., 1979) at 0- + 2°C. The lower gel was polymerized from acrylamide 
(5%). bisacryl-amide (0.6%), N,N,N',N’-tetramethyl ethylenediamide (0.05%) and 
K.,S20 3 (0.05%) containing 50 p M  thymidine, 2 mM MgCU, 0.125 M Tris-HCl 
(pH: 8.5) and 20% glycerol. The upper gel was basically the same as the lower gel 
except that the buffer was 0.025 M Tris-HCl (pH : 8.5). Samples (50 to 100 p i) were 
layered onto the holes of the slab together with bromophenol blue as marker. The 
electrophoresis was performed at constant voltage of 150 V for approximately 6 h 
(5-15 mA). The running buffer contained 0.05 M Tris-HCl, 0.12 M glycine 
(pH: 8.5), 2 mM MgCl2, and 17% glycerol. At the end of the run, the slab was re­
moved and placed onto DEAE-cellulose paper having the same size (10 x 10 cm). 
A thymidine kinase reaction mixture (2.5 ml) was pipetted onto the DEAE paper, 
and the whole was hermetically sealed for 3 h of incubation at 37 °C. After incu­
bation, the sheet of DEAE paper was washed as described under “Enzyme assay”, 
dried, sliced into 1 cm2 pieces and measured for radioactivity in a toluene based 
cocktail.
E n zym e  assay
Thymidine kinase activity was assayed by the method of Bresnik et al. (1967) 
with some modifications as described previously (Staub et al., 1982). The following 
composition of the standard reaction mixture was found to be optimal for the 
determination of enzyme activity: 100 mM Tris-HCl buffer, pH 7.5 (20 °C), 10 mM 
MgCl2, 10 mM NaF, 10 mM ATP (neutralized), 25 #M 3H-thymidine (spec. act. 
1.6 x 1015 Bq/mol) and 80-100 pg  protein of crude extract in a final volume of 
200 /Л. After preincubation of the reaction mixtures for 5 min at 37 °C the reaction 
was started by addition of enzyme, and terminated by the application of the reac­
tion solution on paper squares. Unphosphorylated thymidine was eluted by wash­
ing the paper squares three times for 10 min in 5 mM ammonium formate, pH 4 
(20 ml per square) and in water and ethanol for 5 min, respectively. The paper 
squares were dried and the radioactivity was determined by liquid scintillation 
spectrometry. In all experiments the enzyme activities were calculated from initial 
velocities, i.e. the reaction rate was proportional to the amount of enzyme and to 
the time of incubation.
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D efin itio n  o f  th e  u n it o f  en zym e  a c tiv ity
The enzyme activity is expressed as nmoles of deoxynucleoside phosphoryl- 
ated per hour at 37 °C. The specific activity is defined as nmoles of deoxynucleoside 
phosphorylated per hour per milligram of protein as determined by the method of 
Braedford et al. (1976) using bovine serum albumin as standard.
Results
Separa tion  o f  th ym id in e  k in a se  iso en zym es b y  D E A E -S ep h a d ex-ch ro m a to g ra p h y  
a n d  b y  p o lya cry la m id e  g e l  elec trophoresis
Figure 1 shows the comparison of chromatographic profile of extracts from 
freshly prepared tonsillar lymphocytes (A) and cells cultured for 48 h at 37 °C in 
the absence (B) or presence (C) of phytohaemagglutinin. As can be seen, for all 
types of tonsillar lymphocytes that were measured, the thymidine kinase activity
Fig. 1. Separation of thymidine kinase isoenzymes by DEAE-Sephadex chromatography. 
Freshly prepared tonsillar lymphocytes (A) and cells cultured for 48 h at 37 °C in the presence 
(C) or absence (B) of phytohaemagglutinin were applied to a DEAE-Sephadex A-25 column, 
and a KC1 gradient elution was used as described under “Methods” . Enzyme activity of thy­
midine kinases was measured in the eluted fractions, and expressed as nmoles of phosphorylat­
ed thymidine per ml of fraction per hour of incubation at 37 °C
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Table 1
Purification of thymidine kinase
Procedure
Protein
mg/ml
Activity
nmol/ml/h
Total
activity
nmol/h
Specific
nmol/mg/h
E Ftomogenate 7.8 2.5 39.0 0.32
II. 100 000 g supernatant 3.4 5.0 36.6 1.47
DEAE-Sephadex peak 1 1.9 8.6 20.6 4.52
DEAE-Sephadex peak 2 0.9 6.15 10.3 6.84
was separated into two parts. The enzyme activity found under peak 1 was 2.5-fold 
higher than the activity found under peak 2 in the shown experiment (Fig. 1 A) and 
it ranged from 2 to 4-fold depending on the tonsils used for cell preparation. 
For unstimulated lymphocytes (Fig. IB) the activity of both isoenzymes was very 
low as compared with the freshly prepared tonsillar cells (Fig. 1A) and to stimu­
lated ones (Fig. 1C). The purification procedure is summarized in Table 1. As a re­
sult of a typical separation procedure, a purification of 14-fold and 30-fold were 
achieved for peak 1 and peak 2 isoenzymes, respectively, with an overall recovery 
of 79%.
To identify the separated isoenzymes, polyacrylamide gel electrophoresis was 
performed and the enzyme activity was measured on the gel slabs (Fig. 2). Peak 1 
gave a single spot (RF =  0.17), and peak 2 rise also to a single spot (RF = 0.44) 
of the enzyme activity. Both of these spots could be found in crude extracts of 
freshly prepared tonsillar lymphocytes.
Fig. 2. Non-denaturating polyacrylamide gelelectrophoresis of thymidine kinase isoenzymes 
Tonsillar thymidine kinase isoenzymes were separated on DEAE-Sexphadex column (see 
Fig. 1), and the separated isoenzymes were applied to polyacrylamide gel slabs, and electro­
phoresis was performed as described under “Methods”. ( •  •): DEAE-Sephadex peak 1; 
(a —a ): DEAE-Sephadex peak 2; ( X —X): unseparated extract of lymphocytes. Results are ex­
pressed as the percentage of the total activity of one type of applied enzyme for better com­
parison
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Fig. 3. Effect of thymidine concentration on the initial reaction rate of separated thymidine 
kinase isoenzymes. Initial enzyme activity was measured in a standard reaction mixture except 
that concentration of thymidine was varied as indicated. A: thymidine saturation plot of the 
data; B: double-reciprocal plotting; ( •  — • )  peak 1; (a - a ) peak 2 isoenzymes
C om parison  o f  k in e tic  a n d  regu la to ry  p ro p ertie s  o f  thym id ine  k in a se  iso en zym es  
d erived  fr o m  fr e s h ly  iso la ted  tonsillar lym p h o cy tes
Initial velocity studies were performed by keeping one substrate at a fixed 
concentration and varying the concentration of the other substrate. For both iso­
enzymes, linear plots were obtained when 1/v was plotted against 1/substrate con­
centration (see Fig. 3). The apparent K m for thymidine was 4 p M  and 5 p M  for 
peak 1 and peak 2 isoenzymes, respectively, and the same values for ATP were 
0.15 mM and 0.12 mM for isoenzymes 1 and 2, respectively (see Fig. 4). All K,„ val­
ues were determined at the saturation level of the other substrates.
The investigation of regulatory properties of the separated isoenzymes in­
cluded inhibition studies by either dTTP or dCTP. The results are summarized
Table 2
Feed-back inhibition o f thymidine kinase isoenzymes
Inhibitor Cone, 
m M
Enzyme activity, %
peak 1 peak 2
dTTP 0.01 79 97
0.10 32 50
1 .0 0 8 14
dCTP 0.01 109 96
0 .1 0 116 64
1.00 87 57
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Fig. 4. Effect of ATP concentration on the initial rate of separated thymidine kinase isoen­
zymes. Initial enzyme activities were measured in a standard reaction mixture except that con­
centration of ATP was varied as indicated: double reciprocal plotting; insert: Michaelis- 
Menten plot of the data; ( •  - •  ) peak 1; (a  a  ) peak 2 isoenzymes
in Table 2. At saturating level of ATP, and with thymidine as a variable substrate, 
dTTP was found to inhibit both isoenzymes in a noncompetitive manner, while 
a mixed inhibition was obtained with ATP as the variable substrate (data not 
shown).
Heat-inactivation experiments revealed a significant difference between the 
heat-stability of the two isoenzymes, i.e. isoenzyme 1 was found to be far more 
sensitive to heat-inactivation at 55 °C than isoenzyme 2 (see Fig. 5).
Fig. 5. Heat inactivation of separated thymidine kinase isoenzymes. Initial enzyme activity 
was measured in a standard reaction mixture after incubation at 55 °C for the indicated times 
( •  - • )  peak 1; (a —a ) peak 2 isoenzymes
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Discussion
Thymidine kinase activity has been shown to increase in human lymphocytes 
during stimulation by phytohaemagglutinin (Loeb et al., 1970; Pegorago and 
Bernengo, 1971; Barlow and Ord, 1975; Staub et al., 1982). The high level of this 
enzyme has been reported in freshly prepared tonsillar lymphocytes without mito­
gen stimulation (Staub et al., 1982). Moreover, DNA polymerase ot an other 
enzyme involved in DNA replication process, has also been shown to exhibit a high 
activity in these cells (Staub et al., 1982). Consequently, freshly prepared tonsillar 
lymphocytes have a high rate of DNA synthesis as it was suggested first by the 
high rate of 3H-thymidine incorporation (Staub et al., 1976; Staub and Antoni, 
1978; Sasvári-Székely et al., 1983). This “spontaneous” DNA synthesis decreased 
with time during incubation in vitro without mitogen stimulation (Staub and 
Antoni, 1978).
The pronounced increase of thymidine kinase activity during stimulation of 
peripheral blood lymphocytes has been considered to reflect the induction of a new 
isoenzyme, specific for dividing cells (Munch-Petersen and Tyrsted, 1977). The pres­
ence of thymidine kinase isoenzymes has also been reported in tissues with rapid 
cell proliferation (Okuda et al., 1972; Hatanaka and Dulbecco, 1977; Görbner, 
1979; Yamada et al., 1979, 1980; Lee and Cheng, 1976; Adler and McAuslan, 
1974; Caron and Unsworth, 1978; Nawata and Kamiya, 1975; Kit, 1976; Taylor 
et al., 1972). Munch-Peterson and Tyrsted have separated two thymidine kinase 
isoenzymes from mitogen stimulated blood lymphocytes, using DEAE-Sephadex 
chromatography (Munch-Petersen and Tyrsted, 1977). The appearance of iso­
enzyme 1 coincided with DNA synthesis of the cells (Munch-Petersen and Tyrsted,
1977). In the present study separation of two thymidine kinase isoenzymes from 
freshly isolated and mitogen stimulated tonsillar lymphocytes was achieved also 
by DEAE-Sephadex chromatography. The existence of two isoenzymes was also 
demonstrated by polyacrylamide gel-electrophoresis. About 70 % of the total thymi­
dine kinase activity of freshly isolated and in vitro stimulated tonsillar lymphocytes 
appeared in peak 1. This finding also suggests, in accordance with our previous 
results (Staub et al., 1978; Staub and Antoni. 1978; Staub et al., 1982; Sasvári- 
Székely et al., 1983), that human tonsillar lymphocytes may regarded as lympho­
cytes proliferating in the organ.
Isoenzyme 1 from freshly isolated tonsillar lymphocytes has similar proper­
ties to those of the same isoenzyme in mitogen stimulated lymphocytes (Munch- 
Petersen and Tyrsted, 1977) and also to isoenzymes from various replicating cells 
(Efatanaka and Dulbecco, 1967; Görbner, 1979; Yamada et al., 1979, 1980; Lee 
and Cheng, 1976; Adler and McAuslan, 1974; Caron and Unsworth, 1978; 
Natawa and Kamiya, 1975; Kit, 1976; Taylor et al., 1972). The similar properties 
are; the slow migrating species under electrophoresis (Lee and Cheng, 1976; Adler 
and McAuslan, 1974; Caron and Unsworth, 1978), a relatively high sensitivity to 
heat dénaturation (Hatanaka and Delbecco, 1967; Taylor et al., 1972), and a low 
K m value for thymidine. The regulatory properties of these isoenzymes are also
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similar in respect to the feed-back inhibition by dTTP (Munch-Petersen and 
Tyrsted 1977; Yamada et al., 1979; Lee and Cheng, 1976; Ellimns, 1982), and 
in resistance to dCTP (Yamada et al., 1979, 1980; Lee and Cheng, 1976; Nawata 
and Kamiya, 1975; Taylor et al., 1972; Ellimns et al., 1982).
Comparing isoenzyme 2 from tonsillar lymphocytes to the same isoenzyme 
from mitogen induced blood lymphocytes (Munch-Petersen and Tyrsted, 1977), 
differences were found in respect to their feed-back inhibition. The tonsillar iso­
enzyme 2 is more sensitive to dTTP inhibition and it could also be inhibited by 
dCTP similarly to isoenzyme 2 from other sources (Yamada et al., 1979, 1980; 
Lee and Cheng, 1976; Nawata and Kamiya, 1975; Taylor et al., 1972) but not to 
isoenzyme 2 from in vitro stimulated blood lymphocytes (Munch-Petersen and 
Tyrsted, 1977).
Such difference in the feed-back inhibition of thymidine kinase isoenzymes 
derived from in vivo stimulated human tonsillar or from in vitro stimulated periph­
eral lymphocytes is difficult to interpret. Moreover, difference was found only 
in the case of isoenzyme 2, while the properties of isoenzyme 1 were very similar 
in both types of lymphocytes.
Recently, evidences are accumulating about differences in nucleoside salvage 
metabolism of various types of lymphocytes. Autoradiographic studies revealed 
different labelling of mature and immature lymphocytes with 3ET-deoxycytidine 
and 3H-thymidine (Osogoe and Ueki, 1970; Hamatani and Amano, 1980; Amano 
and Everett, 1976), and the level of these nucleoside kinases were found to be dif­
ferent in various lymphoid tissues (Staub et al., 1983).
Findings concerning the regulation of the activity of thymidine kinase iso­
enzymes and further investigations about other nucleoside kinases in lymphocytes 
might contribute to a better understanding of the nucleotide metabolism and its 
regulation in different lymphoid tissues and its importance in the lymphocyte 
differentiation.
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Human tonsillar lymphocytes incorporate about 7-10 times more [3H]-deoxy- 
thymidine than [3H]-deoxycytidine at the same extracellular nucleoside concentration, 
and both incorporations could be inhibited by 10~5 M arabinosyl-cytosine to 99%. 
On the other hand, the crude extract of these cells had about 10 times more deoxycyti- 
dine kinase than deoxythymidine kinase specific activity, as it was reported previously 
as well. Therefore, the differences in the labelling of these cells by [3H]-deoxycytidine 
and [3H]-thymidine cannot be simple due to the different levels of phosphorylating 
enzymes in the cells.
The deoxycytidine kinase of human tonsillar lymphocytes was purified 38.6-fold 
by DEAE-Sephadex chromatography, and some kinetic and regulatory properties of 
the purified enzyme were investigated. Deoxycytidine kinase was eluted as a single peak 
from DEAE-Sephadex column and also from Sephadex G-100 column indicating a 
molecular weight of about 60 000; no isoenzymes could be detected. During the purifi­
cation procedure an increase of the enzyme activity was observed suggesting the inhibi­
tion of the enzyme in the cells. An apparent Km of 13 pM  for deoxycytidine and K{ of 
55 рЫ for arabinosyl-cytosine were found for the tonsillar deoxycytidine kinase. 
The enzyme was strongly inhibited by dCTP, but not by the other deoxyribonucleoside 
triphosphates.
One of the commonly used method for measuring DNA synthesis of lym­
phocytes is the labelling of cells with radioactive thymidine. However, there are 
some types of lymphocytes, which could be labelled more intensively with radio­
active deoxycytidine than with thymidine (Hamatani and Amano 1980). Both 
pyrimidine nucleosides enter into the nucleotide pools via the salvage pathways, 
i.e. transport into the cells and subsequent phosphorylation, and the later process 
was shown to be the rate limiting step of incorporation (Plagemann et al., 1978). 
The enzymes, phosphorylating these nucleosides, are thymidine kinase (EC 
2.7.1.21.) and deoxycytidine kinase (EC 2.7.1.74.), the latter found primarily in 
lymphoid tissues (Durham and Ives, 1969). Previous results in other (Durhan and 
Ives, 1969) and in our laboratory (Staub et al., 1983) have shown that the amo­
unts of these two kinases vary widely in different lymphoid organs but the cause 
of these variations is unknown.
The questions are also of practical interest, because deoxycytidine kinase 
has an important role in the activation of the chemotherapeutic agent, arabinosyl-
* Present address: Zaklad Genetyki Czlowieka, Polska Akadémia Nauk, Ul. Strze- 
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cytosine araC (Mejer, 1982; Cohen, 1966), being widely used in the treatment of 
acute leukemia. This analogue of deoxycytidine acts primarily as an inhibitor of 
DNA polymerase a (for review see Cozzarelli, 1977) after phosporylation by deoxy­
cytidine kinase. On the other hand, araC has also prevented the mitogen induced 
increase of thymidine kinase and DNA polymerase a as it was shown previously 
in tonsillar lymphocytes (Staub et al., 1982).
A series of investigations of deoxycytidine kinase isolated from thymus, as 
a T lymphocyte source, were reported (Ives and Durham, 1970; Durham and Ives, 
1970; Baxter et ah, 1978; Momparler and Fischer, 1968). Deoxycytidine kinase 
was also isolated from the leukemic cell line L 1210 (Chang et ah, 1982; Kessel, 
1968) used widely for evaluation of antitumor agents (Kessel, 1968) properties 
of deoxycytidine kinase originated from T and В lymphoblastoid cell lines raised 
the possibility that there exist T and В cell specific isoenzymes (Hershfield et ah, 
1982). In order to clarify whether the properties of deoxycytidine kinase are dif­
ferent in various organs, it is desirable to investigate purified enzymes of different 
origin. In this paper we describe the partial purification and some properties of 
deoxycytidine kinase from human tonsils, which can be regarded as a natural 
source of В lymphocytes (Staub et ah, 1978).
The purification and properties of human tonsillar thymidine kinase iso­
enzymes are described in a separate paper (Sasvári-Székely et ah, 1983).
Materials and methods
DEAE-Sephadex A-25 and Sephadex G-100 was purchased from Pharmacia, 
Uppsala, Sweden; DEAE-cellulose paper (Whatman DE-81) from W. and R. 
Balston Ltd., Springfield Mill, Maidstone, Kent, England. Unlabelled deoxyribo- 
nukleosides and deoxyribonucleotides as well as dithiothreitol were purchased 
from Sigma Chemical Co., St. Louis, Missouri, U.S., [3H]-thymidine from the 
Institute of Isotopes Prague, Czechoslovakia, [3H]-deoxycytidine from Radio­
chemical Centre, Amersham, Bucks., U.K.; (spec. act. 96.2 xlO10 Bq each, i.e. 
26 Ci per mmole); Dextran Blue-, bovine serum albumin-, RNase A were products 
of Pharmacia; for enzyme concentration Minicon B15 (Amicon) was used. 
The other reagents were from Reanal, Budapest, Hungary, and all were analyti­
cally pure.
C el! source
Tonsillar lymphocytes were obtained from surgically removed tonsils of 3-6 
year-old children as described previously (Staub et ah, 1976), and aliquots of 
isolated lymphocytes were used immediately for the measurement of incorporation. 
The rest of the cells were stored at —20 °C until used for enzyme preparation. 
The storage of the cells had no effect on the yield of enzyme activity.
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M ea su rem en t o f  [3H ]-th ym id in e  a n d  [3H ]-d eo xy cy tid in e  incorpora tion
The incorporation of labelled nucleosides into the intact cells was measured 
immediately after preparing tonsillar lymphocytes, in short term cultures (2 x 10e 
cells per 1 ml of Eagle medium). The incorporation of labelled nucleosides into the 
DNA fraction of the cells was performed as described previously (Staub et al.,
1982) . Briefly: after labelling the cells with [3H]-thymidine or [3El]-deoxycytidine 
(55 kBq, i.e. 1.5 p C i per ml; specific radioactivity: 104 cpm per pmol) for an hour 
at 37 °C, the cells were washed with Eagle medium containing an excess of non- 
labelled nucleosides. Then the cell pellet was homogenized in 0.5 N perchloric acid 
and left for 20 min at 0 °C. After washing twice with cold 0.5 N perchloric acid, 
the insoluble fraction of cells was hydrolyzed in the same acid for 30 min at 90 °C, 
and aliquots were assayed for radioactivity in a toluene based coctail.
D eterm ina tion  o f  th e  en zym e  a c tiv ity
Enzyme activity was measured by the ion-exchange paper method of Ives 
et al. (1969) essentially in the same manner as described previously (Staub et al.,
1983) except that an excess of nonlabelled deoxycytidine was added (final concen­
tration : 500 /(M ) at the end of the incubation period. Stored enzymes were reac­
tivated by incubation with a buffered dithiothreitol and bovine serum albumin, 
for a hour at room temperature before kinetic studies were carried out (Ives and 
Durham, 1970). The reaction mixture contained: ATP 10 mM; MgCl2 12 mM; 
Tris-HCl buffer pH 7.5, 50 mM; [3H]-deoxycytidine 29 mM (86.5 cpm per pmole) 
and enzyme containing bovine serum albumin and dithiothreitol at concentrations 
of 250 pg/ml and 12.5 mM, respectively. The reaction rate showed a linear relation 
to the incubation time and to the amount of the protein. The incubation time was 
10 min for crude extract and 40 min for purified enzymes.
D efin itio n  o f  the un it o f  en zym e  a c tiv ity
The enzyme activity is expressed as nmoles of deoxynucleoside phosphorylat- 
ed per minute at 37 °C. The specific activity is defined as nmoles of deoxynucleoside 
phosphorylated per minute per milligram of protein as determined by the method 
of Bradford (1976), using bovine serum albumin as standard.
E n zym e  p urifica tion
The temperature was maintained at 0-4 °C throughout the whole procedure. 
Tonsillar lymphocytes (4 x 109/cells) were suspended in 10 ml of 50 mM Tris-HCl, 
pH 7.5 containing 10 mM KC1; 5 mM MgCl2; 1 mM dithiotreitol, left for 10 min 
and were homogenized with a motor driven teflon pestle in a glass homogenizer. 
The homogenate was centrifuged at 100 000 g  for an hour. The supernatant called 
“crude extract”, was dialysed against the column buffer (see below) to remove 
KC1. In some experiments lymphocyte homogenization was performed in KC1- 
free buffer and in this case dialysis was omitted.
The crude extract was applied onto a DEAE-cellulose A-25 column (0.75 x 4 
cm) previously equilibrated with 50 mM imidazol buffer (pH 7.0) containing 5 mM
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Table I
Purification o f human tonsillar deoxycytidine kinase
Protein 
m g/10e 
cells
Specific
activity
nmoles/mg/min
Yield
%
Purification
(-fold)
Crude extract with 0.1 M KC1 54 0.22 100 l
Step-wise elution from
DEAE-Sephadex column 1.07 268 4.8
Crude extract without KC1 15.3 0.78 99 3.5
 ^ ' Gradient elution from
DEAE-Sephadex column 8.5 202 38.6
MgCl2; 4 mM /J-mercaptoethanol and 20% ethyleneglycol. Elution was started 
with the same buffer followed either by a linear 0-1.0 M KC1 gradient (see Fig. 2) 
or by a step-wise elution with the same buffer containing 0.4 M KC1 (see Table 1). 
Other details are given in the legends to the Figures. Fractions exhibiting enzyme 
activity were called as “partially purified enzyme” and used for inhibition experi­
ments.
Sephadex g e l-filtra tio n
Sephadex G-100 column (60 x 1 cm) was equilibrated with 0.1 M, pH 7.4 
TR1S-HCI buffer, containing 0.05 M KCl, 1 mM MgCl2 and 5 mM /i-mercapto- 
ethanol. Dextran Blue was used to determine the exclusion volume; bovine serum 
albumin, and RNase A were used as markers of molecular weight. Marker proteins 
were determined by their optical density at 280 nm, and enzyme activity was mea­
sured in each fraction.
Results
Com parison o fp h o sp h o ry la tio n  o f  (:i / /  ] - de o xycy 't idi ne b y  in ta c t tonsillar lym p h o cy tes  
and  by  the crude e x tr a c ts  o f  the sam e cells
Fymphocytes isolated from human tonsils were labelled either with [3H]- 
thymidine or with [3H]-deoxycytidine, having the same specific activity, for an 
hour at 37 °C (Fig. 1A). The labelling of the cells was measured either in the pres­
ence or in the absence of 10-5 arabinosyl-cytosine. Cell-free extract of the same cells 
was made (see Methods), and the activity of deoxycytidine kinase and thymidine 
kinase was determined (Fig. IB). As it can be seen, tonsillar lymphocytes incor­
porated far more [3H]-thymidine than [3H]-deoxycytidine into their DNA. Both 
incorporations could be inhibited by araC. However, determination of the level 
of the kinases from the crude extract of the same cell population showed a reversed 
ratio of these enzymes: the activity of deoxycytidine kinase was ten times more
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Fig. 1. Phosophorylation of [3H]-thymidin and [3H]-deoxycytidine by intact tonsillar lym­
phocytes (A) and by the crude extract of the same cells (B). Aliquots of freshly prepared ton­
sillar lymphocytes (2x10° cells per ml) were labelled with either [3H]-thyniidine or [3H]- 
deoxycytidine, as indicated, in the presence (blank bars) or absence (dashed bars) of 10-5 M 
araC for an hour at 37 °C. The incorporated radioactivity into the DNA was determined as 
described under “Methods”, the results are expressed as incorporated pmoles per hour of 10r> 
cells. The rest of the cells were used for preparation of the crude extract (see “Methods” ) and 
the deoxycytidine kinase and thymidine kinase activities were determined under optimal 
conditions (incubation time 10 min, amount of enzyme was 5 p\ of the extract), in the presence 
(blank bars) or absence (dashed bars) of 10-5 M araC. The enzyme activity is expressed as 
pmoles of phosphorylated nucleoside per hour per crude extract of 10G cells. In all cases the 
mean values of three parallel determinations and the standard error are shown
han the activity of thymidine kinase and none of the enzyme activities were af- 
ected by 10~5 M of arabinosyl-cytosine.
P artia l p u r ifica tio n  o f  tonsillar d eo xyc y tid in e  k in a se  on D E A E -S ep lta d ex  co lum n
For better comparison of the kinases, an attempt was made to purify deoxy­
cytidine kinase in the same way as thymidine kinase was purified (Sasvári-Székely 
et al., 1985). Applying the crude extract directly onto a DEAE-Sephadex column, 
the whole activity was retained (see Fig. 2). The enzyme was eluted by a linear 
gradient of 0-1.0 M KC1 or by a stepwise elution with 0.4 M KC1 (see Fig. 2 and 
Table 1). Two types of purification procedures are compared in Table 1. The data 
obtained show that KC1 is not necessary for the extraction of the enzyme. If we 
used KCl-free extraction buffer, the protein content decreased 3-4 times, resulting 
a higher specific activity of the crude extract. Using a KCl-free extraction and a 
gradient elution of the enzyme, a 38.6-fold purification was achieved (see Table 1). 
An interesting phenomenon of this purification is that enzyme activity increased 
about twice during the procedure. Since the enzyme activity of the crude extract 
was measured carefully under optimal conditions (i.e. linearity with protein content
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Fig. 2. DEAE-Sephadex A25 chromatography of tonsillar deoxycytidine kinase. Crude extract 
(10 mg of protein) of cells was loaded onto the column previously equilibrated with 50 mM 
imidazol buffer pH 7.4 containing 5 mM MgCl2 and 4 mM /9-mercaptoethanol, and 20% 
ethyleneglycol. Elution was carried out first with the equilibration buffer, and next with a linear 
gradient of KC1 (0— 1.0 M) as indicated on the figure. Flow rate was 0.2 ml per min and 1 ml 
fractions were collected. Solid line, deoxycytidine kinase activity (д ... л) and UV absorption 
(•-•); broken line, К Cl concentration
and incubation time), the increase of enzyme activity during purification raises 
the possibility of an inhibitor of the enzyme in the cells.
The stability of the enzyme is far more dependent on sulfhydryl reagents. 
The purified enzyme lost about half of its activity after the freezing and melting, 
however, the whole activity of the enzyme can be restored by preincubation of the 
enzyme with dithiothreitol and bovine serum albumin for an hour at room tem­
perature.
M olecu lar w eigh t o f  tonsillar d eo x yc y tid in e  k in a se
The molecular weight of the deoxycytidine kinase was determined on Sepha- 
dex G-100 column using appropriate standards (see Fig. 3). A single peak of en­
zyme activity was found at the same elution volume where the bovine serum albu­
min was obtained, indicating molecular weight of about 60 000 for human tonsillar 
deoxycytidine kinase.
R egula tory p ro p e r tie s  o f  the tonsillar d e o x yc y tid in e  kinase
The enzyme was investigated for the inhibition pattern of the known cyto­
static agent, araC, and also for the feedback inhibition by deoxyribonucleoside 
triphosphate (dCTP). Figure 4 shows the percent of inhibition as the function of 
the concentration of araC and dCTP. Using the partially purified deoxycytidine 
kinase dCTP was used in each case together with the same amount of MgCl2,
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Fig. 3. Sephadex G-100 gel filtration of deoxycytidine kinase. Gel was equilibrated with 0.1 M 
Tris-HCl buffer pH 7.4, containing 0.05 M KCl, 1 mM MgCl2 and 5 mM mercaptoethanol. 
Crude extract of the cells previously concentrated by Minicon В 15 (Amicon), was loaded onto 
the column (25 mg of protein) and eluted with the same buffer at the flow rate of 0.1 ml per 
min, and 1 ml fractions were collected. Enzyme activity is expressed as the measured cpm for 
30/Л aliquots of each fraction (.—.) .Elution volume of marker proteins are indicated by arrows.
Dext: Dextran Blue, BSA: bovine serum albumine, RNase: ribonucléase A
[araC],mM [dCTP],mM
Fig. 4. Inhibition of deoxycytidine kinase by arabinosyl-cytosine (A) and by dCTP (B). 
The concentration dependence of inhibition by arabinosyl-cytosine (A) as well as by dCTP (B) 
was measured in a standard reaction mixture containing 2 fig of partially purified enzyme 
per sample. The results are expressed as the percentage of inhibition. The enzyme activity, 
measured without inhibitor equalled 2.06 nmoles per mg protein per minute. dCTP was added 
together with the same amount of MgCl2
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Fig. 5. Effect of varying concentrations of deoxycytidine on the inhibition of arabinosyl- 
cytosine. Initial reaction rate was measured in the presence of araC with varying concentrations 
of deoxycytidine with 2 fig of partially purified enzyme incubated for 40 min at 37 °C. (A) Mi- 
chaelis-Menten plot of the data, (B) double-reciprocal plot. Velocities are expressed as mono- 
phosphorylated substrate per mg protein per min. The reaction rate was measured in the 
presence (□ -□ : 100 /tM; 250 //M) or absence (a - a ) of arabinosyl-cystosine
to avoid the apparent inhibition of a nucleoside triphosphate caused by the binding 
of MgCl2 present in the standard reaction mixture. All the other deoxyribonucleo- 
side triphosphates (dTTP, dGTP, dATP) were also used under the same conditions, 
but no inhibition was found up to 0.2 mM.
Measuring the initial reaction rate as the function of deoxycytidine concen­
tration, regular Michaelis-Menten kinetics were obtained, with an apparent K m of 
13.3 /(M (see Fig. 5). Arabinosyl-cytosine was found to be a competitive inhibitor 
of the reaction and the apparent A, for araC was 55 /<M (Fig. 5).
Discussion
The incorporation of [3H]-deoxycytidine and [3Fl]-thymidine has been shown 
to be different in various areas of lymphoid organs (Hamatani and Amano, 1980). 
The problem arose whether these differences were due to different kinase activities 
in these cells. Attempts to solve this problem have been made in the previous 
(Staub et al., 1983) and in the present study by comparing activities of deoxycyti­
dine and thymidine kinases, the enzymes responsible for the phosphorylation of 
the labelled nucleosides. However, the differences in the [3H]-deoxycytidine and 
[3HJ-thymidine incorporation into tonsillar lymphocytes cannot be explained by 
the differences in the amounts of deoxycytidine and thymidine kinase activities 
demonstrated in extracts of these cells (see Fig. 1). While it is obvious from the 
data obtained that there is sufficient amount of kinase to phosphorylate the enter­
ing [3H]-deoxycytidine, one may speculate about the cause of the difference in the
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phosphorylating capacity of intact cells and that of their extracts. One of the most 
obvious explanations would be the inhibition of the kinase in the cells, presumably 
by the intracellular dCTP. This conclusion is in accordance with the results of 
Plagemann et al. (1978). Our data presented here support this explanation since 
we observed an increase of the enzyme activity during purification (see Table 1), 
and also dCTP inhibited the purified enzyme (see Fig. 3). However, more detailed 
studies of nucleoside metabolism of intact cells seems to be necessary to confirm 
this potential explanation.
The intracellular activity of deoxycytidine kinase has a practical interest as 
well, since arabinosyl-cytosine is phosphorylated also by deoxycytidine kinase (see 
Cozzarelli, 1977) and the phosphorylation of arabinosyl-cytosine is a prerequisite 
for its cytostatic effect (Cohen, 1966; Cozzarelli, 1977). In this respect, our data 
indicate an apparent discrepancy, i.e. deoxycytidine kinase shows a lower activity 
in the intact cells, but the lymphocytes are far more sensitive to arabinosyl-cytosine 
inhibition than the purified enzyme (Figs 1, 4, 5). However, this problem may be 
solved by taking into account the facts, that arabinosyl-cytosine is in competition 
with deoxycytidine (Fig. 5). At the inhibition of the purified enzyme, deoxycytidine 
concentrations were near to saturation (Fig. 5), while in the cells there are much 
lower concentrations of unphosphorylated deoxynucleosides (Plagemann et al.,
1978). Recently it has been suggested by Mejer (1982) that the administration of 
arabinosyl-cytosine together with deoxycytidine could protect normal cells more 
than malignant ones. This proposal was based on the finding that the ratio of 
arabinosyl-cytosine to deoxycytidine phosphorylation is twice as large in leukemic 
cells as in normal pheripheral lymphocytes. These and other data (Chang et al., 
1982; Hershfield et al., 1982; Cheng et al., 1977) raised the possibility that there 
are more deoxycytidine kinase isoenzymes different in their properties. Therefore, 
rapid methods of purification are desirable to obtain enzymes suitable for molecu­
lar and kinetic characterization.
In this paper we applied the same purification for deoxycytidine kinase as 
used previously for separation of thymidine kinase isoenzymes from human tonsil­
lar lymphocytes (Sasvári-Székely et al., 1985). The deoxycytidine kinase was 
bound at low ion strength and pH : 7, and it was eluted by a linear gradient of KC1 
(see Fig. 2), resulting in a 38-40-fold purification. About the same extent of purifi­
cation was obtained by affinity chromatography on Cibachron Blue 3G-A for 
deoxycytidine kinase from human leukemic lymphocytes (Baxter et al., 1978).
Some properties of the partially purified human tonsillar deoxycytidine 
kinase are similar to the thymic enzyme, i.e. its activity decreased during storage, 
which could be restored by preincubation with dithiothreitol (Ives and Durham, 
1970). The tonsillar enzyme was very sensitive to dCTP inhibition, while the other 
deoxyribonucleoside triphosphates had no effect in the same concentration range 
(Durham and Ives, 1970). It has a rather low molecular weight, which is also similar 
to deoxycytidine kinase from other tissues (Ives and Durham, 1970; Momparler 
and Fischer, 1968; Kessel, 1968). With deoxycytidine as substrate, regular Michea- 
lis-Menten kinetics were obtained (Fig. 5) with an apparent K m value of 13 /rM,
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similar to the thymus enzyme (Momparler and Fischer, 1968) and leukemic cells 
(Kessel, 1968). However, bimodal double-reciprocal plots were shown in some 
laboratories (Durham and Ives, 1970; Kozal et al., 1972), giving a lower (5 )tM) 
and a higher (50 pM) apparent K m value. Deoxycytidine kinase also phosphorylâtes 
a series of other nucleosides, but with considerably higher apparent K m values (for 
rew. see Anderson, 1973), and all available evidence indicates that they compete 
with deoxycytidine for the same enzymic site (Ives and Durham, 1970; Momparler 
and Fischer, 1968). Our finding that arabinosyl-cytosine exhibits a competitive 
inhibition with deoxycytidine is in good agreement with these data.
The controversy between the lower in vivo incorporation and higher in vitro 
phosphorylation of deoxycytidine compared with deoxythymidine may lie at the 
level of nucleoside interconversion mechanisms, which seems to be rather charac­
teristic of the state of cell differentiation than of cell proliferation.
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Stability, Heat Stability and Heat Sensitivity of Proteins: 
Thermodynamic Considerations
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Budapest, Hungary
(Received December 16, 1983)
The heat sensitivity and stability of a protein should be characterized by the 
Arrhenius parameters of the irreversible dénaturation. The terms “ thermostability” or 
“activation enthalpy” and “activation entropy” of dénaturation as “ thermodynamic 
parameters of protein stability” are misleading. The terms “measure of heat sensitivity” 
and “measure of stability” should be used as comparative data for protein structure.
For many years various enzymes have been studied extensively in order to 
elucidate the mechanism underlying the exceptional thermostability of proteins 
isolated from thermophilic bacteria (Singleton and Amelunxen, 1973; Zuber, 1976). 
In these and other studies the terms “heat stability” and “stability” of proteins are 
used as synonyms thus creating some confusion. We are going to discuss below 
whether the two features of the protein molecule are identical or not, and will sug­
gest the introduction of the term “heat sensitivity”. (This term is equivalent with 
the thermotolerance of Fujita 1978.)
It has long been realized that during protein dénaturation two separate steps 
must be distinguished: ( i)  reversible conformational change or unfolding, and 
( i i)  irreversible conformational change followed by aggregation and coagulation 
of the unfolded product:
N ^  Dr — > DT— * P
where N stands for the native protein, DR and Dj for the reversibly and irrever­
sibly denatured protein, respectively, and P for precipitated protein. Each species 
is assumed to be a population of protein molecules with more or less different con­
formations. In the following the first step will be called reversible dénaturation, 
the total process is precipitation and the process up to the first irreversible step 
will be referred to as irreversible dénaturation. The DR-» Dj transition is probably 
a formal description of a number of parallel irreversible reactions. These, however, 
are frequently characterized by a single resultant first order rate constant.
While thermal dénaturation studies are usually carried out on irreversible 
dénaturation processes, with some proteins reversible dénaturation can beachieved. 
The theoretical considerations on protein stability and dénaturation are based 
exclusively on reversible dénaturation processes (Scheraga, 1961, 1963; Joly, 1965; 
Tanford, 1968,1970: Ackermann, 1969; Poland and Scheraga, 1970; Lauffer, 1975; 
Edelhoch and Osborne, 1976; Sturtevant, 1977; Biltonen and Freire, 1978; Pfeil 
and Privalov, 1979). Privalov and co-workers have demonstrated by calorimetric
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measurements that the assumption according to which only two states (N and DR) 
are involved in the reversible dénaturation processes is a very reasonable approxi­
mation for five small proteins (Pfeil and Privalov, 1979), or it is true for the single 
domains of bigger proteins (Privalov, 1982). However, the study of thermodynam­
ics of the reversible dénaturation process characterizes only an equilibrium under 
the given conditions. The Arrhenius parameters of the irreversible process charac­
terize the heat sensitivity (Fujita, 1978; Fujita and Imahori, 1974; Fujita et al.,
1979) or the stability of a protein (cf. Simon, 1981) in a more informative manner 
since reflect the energy needed for the disruption of bonds responsible for the 
maintaining the native structure. Therefore we suggest that for the definition of 
stability and heat sensitivity of proteins the irreversible dénaturation (N -> DT) 
should be considered instead of reversible dénaturation. Experimentally this means 
the use of the Arrhenius parameters instead of the van’t Hoff parameters, but the 
former should not be confused with the so-called “kinetic stability” which is an 
apparent stability due to the small kinetic constant of protein unfolding as com­
pared to the time of experiment (Lumry and Biltonen, 1969).
The rate constant or its equivalent, the activation free energy change of ir­
reversible dénaturation at a given temperature is assigned to characterize the sta­
bility of the proteins.* The stability of a protein refers to a given temperature, but 
if the change in the so-called “activation entropy” multiplied by the absolute tem­
perature is nearly equal with the so called “activation enthalpy” at various tem­
peratures, the stability of the protein will not change (compensation effect,** cf. 
Lumry and Rajender, 1970).
The heat sensitivity is assigned to be characterized by the “enthalpy of activa­
tion”, dH*. The transition of native protein molecules to irreversibly denatured 
ones (the N -> Dj process) requires a well-defined “activation energy” which is 
proportional to the energy requirement of formation of false folding nuclei (Simon,
1981). To obtain the equivalent thermal energy, a given temperature is needed.
The greater is dH* the more pronounced is the temperature dependence of 
the irreversible dénaturation, i.e. the protein is more heat sensitive. If dH* depends 
on temperature, i.e. the change of heat capacity, dCp, differs from zero —and this 
is generally the case (Tanford, 1968, 1970) —then instead of dH* both dH* and 
dCp should be considered.
The heat sensivity, being characterized by the change in “activation enthalpy” 
and heat capacity of protein unfolding (i.e. the energy barrier needed for the transi­
tion from N to Dj), differs from stability in the “entropy” factor which charac­
* This stability should be similar for the majority of proteins of the mesophilic organ­
isms. In fact the dG* of irreversible dénaturation of proteins (near the physiological tempera­
ture) is around 100 kJ/mole, independently of the nature of the protein (Joly, 1965).
** However, it is to be noted that the observed distribution of data points along straight 
lines in the “enthalpy-entropy” plane is more often due to the propagation of measurement 
errors than to chemical variations, i.e. the compensation effect is often an artefact (Banks et al., 
1972; Krug et al., 1976, 1976a, 1976b)
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terizes the degree of order (i.e. the number and strength of H-bonds, van der Waals 
forces, ionic bonds, etc.) of the transition state from native to denatured form.
Two proteins which exhibit different heat sensitivities may have identical 
stabilities and vice versa. However, it is meaningless to speak generally of the 
“thermostability” of a protein, since if a protein is more “thermostable” than 
another in a given temperature range, in another temperature range it may be less 
“thermostable” (Fujita, 1978; Vali et al., 1980). The term “thermostability” is 
meaningful only in comparison with other proteins in a given temperature range. 
In contrast, the stability at a given temperature or the heat sensitivity of apróiéin 
is its inherent and invariable property if strictly controlled conditions are assured.
Moreover, one should be aware that the Arrhenius equation, originally, 
refers to a single elementary step. The irreversible dénaturation of a protein is never 
the result of a single elementary step, but of the sum of hundred or thousand 
partially consecutive, partially parallel elementary steps of the motion of different 
side chains, rupture of H-bonds, van der Waals forces, hydrophobic interactions, 
etc. Consequently, the terms of “activation enthalpy”, “activation entropy”, 
“activation energy” or “activation free energy” of protein dénaturation are mis­
leading and not recommended (cf. Keleti, 1983). We suggest to call the “enthalpy 
of activation (dH*) of heat dénaturation” as m easure o f  hea t sen s iv ity  and the “ac­
tivation free energy (dG*) of heat dénaturation” as m easure o f  s ta b ility . This may 
help to avoid the confusion arising from the fact that some peoples think that these 
very useful comparative data are real “thermodynamic features of protein thermo­
stability”.
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Regulation of beta-adrenergic Sensitivity by 
Guanine Nucleotides in Rat Brain
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Szeged, Hungary
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Binding of /^-adrenergic receptor by labelled dihydroalprenolol was inhibited 
in the presence of GTP or GppNHp in rat brain particulate fractions. The inhibition 
was suspended when the particulate fraction was pretreated at 30 °C for 20 minutes 
and washed 3 times. It is concluded that the inhibition was due to endogenous bound 
catecholamines.
Investigations of the last ten years proved that beside beta-adrenergic recep­
tor and adenylate cyclase a third factor, the G/F or N protein has an important 
role not only in the receptor-cyclase coupling but also in the sensitization and 
desensitization of beta-adrenergic receptor (Ross et ah, 1978; Cassel and Selinger, 
1978).
Desensitization or sensitization of receptors are caused most frequently by 
high resp. low hormone levels in vivo (Axelrod, 1974). The chronic administration 
of certain drugs, changes of ion and nucleotide concentrations, or variations in the 
synthesis or degradation of protein and lipid components may also produce 
desensitization (for review see Wollemann, 1978).
Our own investigations were carried out with in vitro systems since 1975 
(Wollemann and Rózsa), when we published that serotonin activates more effec­
tively the mussel heart adenylate cyclase and catecholamines the rat heart adenylate 
cyclase, provided that they were previously in vivo treated with reserpine, i.e. the 
endogenous level of serotonin and catecholamines were depleted (Pik and Wolle- 
mann, 1977). When the hormone action was investigated in details in rabbit heart 
membrane fractions an increase in the number of beta-adrenergic receptors was 
established and an enhancement of the isoproterenol activation on the adenylate 
cyclase activity was found after reserpine treatment. At the same time the basal 
activity of adenylate cyclase, which was measured in the presence of guanine nu­
cleotides, decreased substantially in the reserpine treated heart membranes (Tka- 
chuk and Wollemann, 1979).
The aim of our present experiments was to demonstrate the role of guanine 
nucleotides on the binding of beta-adrenergic receptors by labelled dihydroalpre­
nolol. It was known from earlier data, that guanine nucleotides shift the competi­
tion curves for agonists to the right (Maguire et ah, 1976 and Lefkowitz et al.
Abbreviations: DHA, dihydroalprenolol; GTP, guanosine triphosphate; GppNHp, 
5’-guanylyl-imidophosphate
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1976). From our previous investigations on rabbit heart (Tkachuk and Wollemann, 
1979) and recently from guinea pig brain (Yamamoto and Shimizu, 1983) it was 
demonstrated, that guanine nucleotides have a dual regulatory role on adenylate 
cyclase activity, which means that stimulatory as well as inhibitory actions were 
found. Interestingly the adenylate cyclase inhibited by guanine nucleotides was 
more sensitive to hormonal stimulation. Therefore the performing of similar ex­
periments on the action of guanine nucleotides on the beta-adrenergic receptor 
in brain was our next goal.
Materials and methods
( —)Alprenolol hydrochloride was purchased from Hassle, propranolol from 
ICI, all other line chemicals were obtained from Sigma. (8H)dihydroalprenolol 
(65 Ci/mmol) was prepared as described (Borsodi et al., 1983).
PVG/C rats were killed by decapitation the brain was removed and homo­
genates were prepared with 9 vol. 75 mM pH 7.5 Tris-HCl buffer containing 25 mM 
MgCl2 using a Potter homogenizer. The homogenate was centrifuged and washed 
three times with the above buffer as described previously (Horváth et al., 1979). 
Part of the experiments were performed after preincubating the resuspended pellet 
at 37 °C for 20 min in order to remove endogenous ligands.
Binding assay was carried out in triplicates in a volume of 250 pi containing 
100-200 ц g protein, 75 mM pH 7.5 Tris-HCl puffer, 25 mM MgCl2 and various 
amounts of labelled dihydroalprenolol. Samples were incubated at 0 °C for 5 min 
if not otherwise indicated. Nonspecific binding was measured in the presence of 
10 pM propranolol, according the method of Lefkowitz et al. (1978). Samples were 
filtered under vacuum on Whatman GF/C glass fiber filters and washed twice with 
10 ml of the above described buffer solution. The radioactivity of the dried filters 
was counted by liquid scintillation spectrometry in toluene-based cocktail. Specific 
binding was linear within the used protein concentration range. Protein content 
was determined according to Peterson (1977).
Results and discussion
Investigating the time course of GTP and GppNHp effect on beta-adrenergic 
receptor binding using labelled dihydroalprenolol and inhibitory effect was ob­
served with both substances, GppNHp being about ten times more effective than 
GTP (Figs 1 and 2).
Varying the concentrations of labelled dihydroalprenolol GppNHp reduced 
the number of binding sites of the beta-adrenergic receptor (Fig. 3). However pre­
incubation of the particulate fraction at 30 °C for 20 minutes abolishes most of 
the GppNHp inhibitory effect (Fig. 4) in addition above the saturation level of 
specific binding (20 nM) GppNHp increases the exchangeable, but not specific 
binding.
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Fig. 1. Effect of GTP on the time course of 10 nM labelled DHA specific binding of /(-adren­
ergic receptor from rat’ brain particulate preparation, x  —X control; о —о 10-5 M GTP; 
Д — д 10~4 M GTP ;]• — •  10-3 M GTP. Points represent the mean value of triplicate samples
QOA
Fig. 2. Effect of GppNHp on the time course of 10 nM labelled DHA specific binding of 
^-adrenergic receptor from rat brain particulate preparation, x — x control; •  —•  10-4 M 
GppNHp; д  — д  10~5 M GppNHp; о —о 10~6M GppNHp. Points represent the mean value
of triplicate samples
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Fig. 3. The effect of GppNHp on different concentrations of labelled DHA specific binding 
of the /i-adienergic receptor from rat brain particulate preparation. x — X control, д — д 
GppNHp 10-4 M. Points represent the mean value of triplicate samples
Therefore, it is concluded that the GppNHp inhibition of labelled DHA 
binding might be affected by the remaining, firmly bound catecholamines in the 
particulate preparation, which are metabolized at higher temperature. Whether 
this inhibitory effect is exerted through the N; or Ns (inhibitory or stimulatory 
nucleotide regulating protein), (Hildebrandt et al., 1983) remains to be established.
Fig. 4. The effect of GppNHp on different concentrations of labelled DHA specific binding 
of the /î-adrenergic receptor from rat brain particulate preparation pretreated at 30 °C for 
20minutes. x —xcontrol; д —AGppNHp 10-4 M. Points represent the mean value of triplicate
samples
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A method is described which allows studying specific cation transport pathways 
of the cell membranes by converting ion fluxes into volume changes. Lipophylic weak 
electrolytes, such as propionate, rapidly penetrate the cell membranes in their undis­
sociated acid from but not as negatively charged ions. When human red cells are in­
cubated in isoosmotic K-propionate media an intracellular acidification occurs with 
a limited propionate uptake and volume increase (corresponding to the buffering capac­
ity of the cytoplasm). If both protons and alkali cations are rendered permeable, a rapid 
salt influx and volume increase is observed. The latter can be quantitatively followed 
by electronic sizing methods. A detailed characterization of the system is provided 
through studies with ionophores, inhibitors of the red cell anion exchange system and 
drugs which activate or inhibit the Ca2+-induced K+ transport. It is demonstrated that 
in K-propionate media the permeability of the Ca'2+-induced K+ pathway can be 
directly estimated. The method is suitable to observe population (all-or-none) responses 
in the activation of the K+ pathway under certain experimental conditions. The ap­
plication of the method in the search for cation-proton exchanger systems is discussed 
and its use for demonstration purposes by producing selective lysis of red cells is 
described.
Introduction
Ca2+-induced K + transport in human red cells (Gárdos, 1956, 1958) and 
in various non-excitable and excitable cells (for reviews see Lew and Ferreira, 1978 ; 
Mech, 1978; Lew and Beaugé, 1979; Schwarz and Passow, 1983; Sarkadi and Gár­
dos, 1985) is a widely investigated system with a probable basic physiological sig­
nificance in triggering metabolic or secretory responses and modifying the excita­
bility of several tissues. The effect is a selective, rapid increase in the K + permeabil­
ity of the cell membrane induced by the interaction of Ca2+ with the intracellular 
membrane surface (Lew, 1970; Blum and Hoffman, 1972). The role of Ca2+, the 
effects of various ions on the triggering event, as well as the changes in membrane 
potential produced by the opening of the conductive K + pathway, are well charac­
terized in the literature (see reviews above). The involvement of cellular metabolic 
intermediates and Ca3+-dependent proteins such as calmodulin in evoking or mod­
ulating K+ transport have been thoroughly investigated but conclusive evidence 
are still not available in these respects. An all-or-none characteristic of the opening 
of the K+ pathway has been indicated and its possible causes debated (Hoffman 
et al., 1980; Simonsen et ah, 1982; Garcia-Sancho et ah, 1982; Lew et ah, 1982).
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In the present paper we describe a method which is suitable to investigate 
cation transport processes by the application of a weak electrolyte, propionate. 
The use of this method allows the conversion of ion movements into volume 
changes which can be easily followed by techniques such as light scattering, direct 
photometry, or electronic sizing. The use of light scattering for volume measure­
ments as simple means to distinguish transport pathways has been advocated by 
Hladky and Rink (1982). Here we used the electronic sizing (Coulter Counter) 
because under the conditions applied this latter system, in contrast to the light 
scattering method, is insensitive to changes in red cell shape and plasticity. We also 
demonstrate that the technique can be used for demonstration purposes without 
any expensive instrumentation, by following selective hemolysis.
Materials and methods
Gramicidin, nigericin, СССР (carbonilcyanide m-chlorophenylhydrazone), 
SITS (4-acetamido-4’-isothiocyanostilbene-2,2’-disulphonic acid), quinine and 
propionic acid were purchased from SIGMA Chemical Co. Valinomycin and 
A23187 were obtained from Calbiochem, propranolol from SIGMA and RPMI 
incubation medium from Gibco Labs.
Isoosmotic K-propionate solutions contained 140 mM K-propionate, 20 mM 
Tris-Cl (pH 7.0), 2 mM MgCL, 1 mM CaCl2 (or when indicated 1 mM EGTA), 
and 10 mM glucose. Freshly drawn human red cells were washed 3 times with 
RPMI medium. Cell volume was measured by placing 2 x 105 cells in 20 ml of buf­
fer solutions and using the Coulter Counter —Channelyzer system, as described by 
Grinstein et al, 1982. The diameter of the aperture of the electrode used was 100 /un 
to assure that changes in red cell shape would not cause an apparent volume 
change. This was tested by adding 1 pM A23187 + 1 mM Ca'2+ to the cells in iso­
osmotic media containing 120 mM KCI, 20 mM NaCl and 20 mM Tris-Cl. pH 7.0. 
The immediate changes in red cell shape under this condition (formation of sphéro­
cytes) did not produce any apparent volume change.
Intracellular pH was estimated by the lysis of packed red cells in 10 fold 
volumes of distilled water, freezing and thawing the cells to assure complete hemo­
lysis and measuring pH by a combination glass electrode.
Results and discussion
In experiments such as presented in Figs 1 and 2, we examined the effects of 
propionate media and various ionophores on the volume changes in human red 
cells. If red cells were incubated in an isoosmotic K-propionate medium (pH 7.0) 
there was no significant volume change observable. The intracellular pH in such 
cells was found to be 6.95, only slightly lower than that of the medium. If red cells 
were pretreated with 100 pM SITS in a NaCl medium and then placed in K-pro-
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Fig. 1. Volume changes of human red cells in K-propionate media. E Fects of SITS and nigeri­
cin. о control cells; •  + 100/iM SITS. At the time indicated by the arrow 1 pNl (• )  or2/tM 
(л) nigericin was added to the media
pionate media (or if this latter medium contained similar SITS concentrations) 
a rapid swelling was observed, yielding a 12-15% volume increase within 30 sec­
onds. No further volume change was obtained within 15-20 minutes. Intracellular 
pH of the cells incubated in K-propionate media with SITS was found to be be­
tween 6.5-6.55. Addition of the ionophore nigericin, carrying an obligatory ex­
change of Na+, K+, or H + (see Pressman, 1976), produces no significant changes 
in the red cell volume if added to the control cells after 5 min in K-propionate 
media (Fig. 1). In contrast, nigericin in the SITS-treated cells leads to a rapid vol­
ume increase and eventual lysis of the cells. Increasing nigericin concentrations 
between 0.1 to 2 p M  further increase the rate of swelling. If the ionophore is added 
to the control (no SITS) cells at the time of placing them in K-propionate, a swel­
ling response is also obtained, although less rapid and pronounced than in the 
SITS-treated cells.
The probable explanation of the above findings is that undissociated pro­
pionic acid is lipid-soluble and rapidly penetrates the cell membrane, while pro­
pionate- has a very limited permeability (Keifer, 1981; deHemptinneetal., 1983). 
Propionic acid rapidly distributes between the medium and the cytoplasm and dis­
sociates again in the cell interior to propionate-  and H +. Human red cells possess 
a high capacity anion exchanger system which compensates this increase in intra­
cellular H + concentration rapidly. Cellular Cl -  is exchanged for external HC02~
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Fig. 2. Volume changes of human red cells in K-propionate media. Effects of SITS, СССР 
and gramicidin, о control cells; •  +100 pM  SITS. At the arrows СССР ПО /iM) or gramicidin 
(0.5 • ,  or 1 /гМ 0,  a ) was added to the media
which recombines with the protons and dissociates into H20  plus C 02. These final 
products are permeable through the the cell membrane thus the result is an ex­
change of cellular Cl -  for external propionate without significant pH changes (see 
Appendix, condition A). If rapid anion exchange is blocked by a specific inhibitor 
such as SITS (see Knauf, 1979), pH equilibration cannot take place but a certain 
amount of H + is buffered by intracellular proteins, in red cells mostly by hemo­
globin. This buffering produces a limited propionate" uptake and cell swelling. 
This is a rapid process (completed within seconds) and leads to the stabilization 
of the cell volume at a slightly higher value and of the cellular pH in the acidic 
range (Appendix, condition B). The cellular pH measured in these experiments 
indicates an intracellular propionate": propionic acid ratio of about 60 (propionic 
acid is supposed to distribute uniformly between the cells and the medium), thus 
about 40 mM H + had to be buffered during a pH decrease of 0.5 unit. This value 
corresponds to the reported buffering capacity of hemoglobin, about 60-65 
mmoles/litre of cell/pH unit (Wyman, 1948). The observed volume increase of 12- 
13% also corresponds to the amount of the accumulated osmotically active pro­
pionate". If a cation-proton exchanger ionophore is added to the cells incubated in
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isoosmotic propionate media (the anion exchanger is blocked), H + can leave the 
cells in an exchange for external cations. This process leads to a net cation + pro­
pionate“ uptake, osmotically obliged water influx and a cell swelling (Appendix, 
condition C). The process eventually results in hemolysis.
Figure 2 illustrates experiments in which red cells were incubated in K-pro- 
pionate media and treated with the protonophore СССР or the cation-channel 
forming antibiotic, gramicidin. As seen, these compounds, when added separately, 
do not produce significant swelling whether SITS is present or not. However, 
in SITS-treated red cells the combination of the two ionophores leads to a rapid 
swelling and hemolysis. Gramicidin at near neutral pH does not carry significant 
H + flux (Hladky and Rink, 1982), thus a cation — H + exchange cannot take place. 
СССР has no effect either, since the requirement for electroneutrality does not 
allow H + efflux without a concomittant cation influx. The combination of СССР 
and gramicidin functions as a cation — proton exchanger producing similar effects 
as nigericin. At a constant СССР concentration (10 juM) increasing the gramicidin 
concentration from 0.5 to 2 juM does not modify the rate of swelling, while altering 
the СССР concentration between 1-10 /гМ at a constant (1 /xM) gramicidin con­
centration significantly facilitates the process. Thus the rate-limiting factor under 
these conditions is the H + flux catalyzed by the mobile carrier СССР and not the 
cation flux allowed by the high-capacity channel forming gramicidin. These ex­
periments provide additional information on the low intrinsic H + and OH" per­
meabilities of the red cell membrane.
The system such as characterized be these ionophore studies can be used for 
the investigation of natural membrane transport pathways such as the Ca2+- 
induced K + transport. Increase of the cellular Ca2+ concentration by using the 
divalent cation ionophore A23187 is a well known way to evoke rapid K + transport 
(Reed, 1973; Reed, 1976; Gárdos et al., 1975; Ferreira and Lew, 1976). Figure 3 
demonstrates the effect of A23187 + Ca2+ or EGTA on the volume changes in 
human red cells incubated in K-propionate media. The cells were pretreated with 
SITS in order to block the anion exchange pathway. The addition of A23187 did 
not produce any significant volume change either in the presence or absence of 
Ca2+ if СССР was absent. However, in the presence of the protonophore СССР, 
A23187 + Ca2+ induced a rapid volume increase and eventual cell lysis. The phe­
nomenon was blocked by the removal of external Ca2+ (by the addition of EGTA) 
or by the inhibitor of the Ca2+-induced K + transport, quinine (Armando-Hardy 
et al., 1975; Reichstein and Rothstein, 1981). Neither EGTA nor quinine had any 
effect on the volume changes produced by nigericin or the combination of СССР +  
+ gramicidin. Quinine is also known not to affect the Ca2+ movement catalyzed 
by A23187 (Ferreira and Lew, 1976). The need for the presence of СССР to see 
volume changes indicates that the Ca2+-induced K + transport pathway activated 
by A23187 + Ca2+ carries a net K + transport but (at the pH values examined) 
no K + —H + exchange. The ionophore A23187 may carry a certain amount of 
proton flux in exchange for divalent cations but its magnitude is apparently not 
enough to contribute to the volume changes.
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Fig. 3. Effects of A23187 ionophore on the red cell volume in K-propionate media. Red cells 
were incubated in isoosmotic K-propionate media containing 100 /jM SITS and 10 pM СССР. 
A23187 ionophore was added at the time indicated by the arrow. •  1 mM Ca2+; ■ 1 mM 
Ca2+ +  200 pM quinine; о 1 mM EGTA
In the presence of 10 pM СССР and the maximum effective A23187 + Ca2+ 
concentrations (A23187 =  0.5-2 /tM; Ca2+ =  1-5 mM) the initial rate of swelling 
(7-8 pm3/min) does not reach the rate of of the gramicidin-induced response 
(12-15 pm3/min), indicating that the concentration of СССР is not rate-limiting. 
Thus the rate of swelling probably directly reflects the conductivity of the Ca2+- 
induced K+ channels. From these data the maximum conductive K + flux through 
this pathway is estimated to be about 12-15 mmoles/litre of cell/min.
Using A23187 concentrations of 1 pM and altering extracellular Ca2+ con­
centrations between 0.1 pM to 1 mM in a Ca-EGTA buffer, the swelling response 
is maximum above a free Ca2+ concentration of 1 pM (data not shown). Thus the 
system shows a “high Ca2+-afflnity” pattern, as reported by Lew and Ferreira 
(1976). At lower A23187 concentrations (0.01-0.2 pM) the response becomes vari­
able and requires higher Ca2+ concentrations (above 0.5 mM) to be observed. 
A partial (population) response of the cells is also observed (see below). At such 
low ionophore concentrations the binding of A23187 to the cell surface or to the 
plastic vials makes these determinations unreliable.
The addition of propranolol + Ca2+ to human red cells is another estab­
lished method to induce Ca2+-dependent K + transport(Ekman etal., 1969; Männi­
nen, 1970). The mechanism of triggering is not entirely known but its probable 
basis is a transient increase in cellular Ca2+ and an increased sensitivity of the cell
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CELL VOLUME!um3'
Fig. 4. Population (all-or-none type) response in the volume changes of red cells incubated 
in K-propionate media. The isoosmotic K-propionate media contained 100 /tM SITS and 
10 |«M СССР. The measurements were performed at the times indicated on the figure. Upper 
part: Effect of 0.2 mM propranolol +  2 mM Ca2+; Lower part: Effect of 0.5 fiM gramicidin
membrane to Ca2+ (Porzig, 1975; Szász et al., 1977). Red cell swelling in a K-pro- 
pionate medium can also be evoked by propranolol + Ca2+, provided that SITS 
and СССР are present. The maximum response, which is similar to that produced 
by A23187 + Ca2+, is observed at 0.2-0.3 mM propranolol and 10 mM Ca2+. 
This phenomenon is also inhibited by 100/tM quinine (data not shown). In the pres­
ence of propranolol concentrations below 0.2 mM or above 0.5 mM and at Ca2+ 
concentrations below 10 mM the response is partial and an all-or-none type effect 
is observed. As shown in Fig. 4, at 0.2 mM propranolol and 2 mM Ca2+, some of 
the red cells rapidly swell, while others retain their original volumes. Under the 
given conditions, after about 6 minutes of exposure to propranolol +  Ca2+, the 
populations of responding and non-responding cells clearly separate on the Coulter 
graph. After this time a hemolysis of the swelling cells obscures the picture as the 
lysed cells rapidly regain their initial (or slightly smaller) volumes. As a contrast to 
this all-or-none type of response, on Fig. 4 we also demonstrate the Coulter graphs 
obtained in the presence of СССР + gramicidin.
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Fig. 5. Hemolysis of red cells in K-propionate media. Washed red cells with a final hematocrit 
of 0.5% were incubated in 0.7x isoosmotic K-propionate media containing 100 /iM SITS. 
The photograph was taken 10 minutes after the addition of the following compounds: Tube 
1 : none; 2: 2/<M nigericin; 3: 10/íM СССР; 4: 1 рЫ gramicidin; 5: 10/íM СССР +  1 /iM 
gramicidin; 6: 1 /<М А23187 +  1 тМ  Са2+; 7: 10 рМ  СССР +  1 А23187 +  1 тМ
Са2+; 8: 10 /íM СССР +  1 рМ  А23187 +  1 тМ  EGTA
All the above experiments indicate that the propionate method can be applied 
to investigate the Ca2+-induced K + transport in red cells by converting cation 
fluxes into volume changes. The direct demonstration of a heterogeneous response 
is a significant advantage of the method.
In the field of membrane biology the demonstration of transport phenomena 
often requires complicated instrumentation not available in high school or univer­
sity laboratories. The propionate method allows such a classroom demonstration 
based on the selective lysis of red cells. The demonstration is made easier if the red 
cells are incubated in slightly hypoosmotic K-propionate media as the threshold 
for hemolysis is decreased under these conditions. Figure 5 illustrates such a demon­
stration based on hemolysis in K-propionate media. In this particular case red 
cells with a hematocrit of 0.5 % were suspended in 0.7 x isoosmotic K-propionate 
media containing 100 /iM SITS. The ionophores and other ingradients were added 
after the cells were suspended in the medium. The photograph, taken 10 minutes 
after the addition of the compounds indicated in the legend to the figure, shows 
the imminent hemolysis in the tubes where a cation —H + exchange took place. 
The use of a simple photometer to check for the sudden change in the absorbance 
or light scattering at the time of the hemolysis allows quantitative studies as the 
hemolysis time can be correlated to the rate of cell swelling.
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In the present paper we demonstrated the applicability of the propionate 
method to analyze the Ca2+-induced K + transport in red cells. The method is also 
suitable to follow other cation transport processes if they allow substantial ion 
movements producing measurable volume changes. The method has been succes- 
fully applied to study Na+ — H+ exchange in lymphocytes (Grinstein et al., 1984) 
and in Chinese hamster ovary cells (Sarkadi et ah, 1984), since intracellular acidifi­
cation activates such a pathway.
Appendix
The reactions underlying the phenomena described in this communication when red 
cells are placed into isoosmotic propionate media can be summarized by the following equa­
tions:
It is assumed that water is rapidly permeable through the cell membrane and the cells 
behave as osmometers. Index 0 means outside, , intracellular components.
Condition A: the membrane is permeable for undissociated propionic acid but is not 
conductive for propionate- , alkali cations, H + and OH. The membrane possesses of a rapid 
anion exchanger system.
1. propionate^" +  H^ " ^=5 propionic acid0; (pK =  4.75)
2. propionic acid0 propionic acid,;
3. propionic acidi ^=5 propionatef; +  H(+ ;
4. С1Г+ HCO3- 0 ^  Ch-  +  HC03t ;
5. HC031 +  H(+ ^=3: H2C03i ^=5 H 20  +  C 0 2
The amount of C 0 2 dissolved in a medium equilibrated with air at pH 7.0 produces 
about 100 //M of HCOj", sufficient to allow rapid pH equilibration through the anion ex­
changer. The net result is an exchange of internal Cl~ for external propionate- .
Condition B: the membrane is permeable for undissociated propionic acid but not for 
anions or cations.
1-3: as in A, obtaining propionatef +  Hj1";
4. Hemoglobin*-  +  Hf Hemoglobin-Hj
A certain amount of H+ is buffered by cellular hemoglobin and the uptake of propion­
ate-  and the corresponding volume increase are determined by this buffering capacity. Hemo­
globin buffering of protons also occurs in condition A, but the rapid anion exchange makes 
this effect negligible.
Condition C: the membrane is permeable for undissociated propionic acid but not for 
cations or anions. A specific cation— H+ exchanger is added to the membrane.
1-3: as in A, obtaining propionatef +  H(+ ;
4. cation0 +  Hj+ f  ^cationj +  Ho".
The uptake of cation +  propionate-  leads to a cell swelling.
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We have investigated the interaction of mammalian cells with liposome encap­
sulated DNA. Tissue cultured mammalian cells were exposed to large, unilamellar 
phosphatidyl serine liposomes containing DNA molecules from different animal cells 
or prokaryotic organisms.
The liposomes bind rapidly to the surface and are taken up by the cells and sig­
nificant proportion of the encapsulated DNA is transported to the nuclei.
Transient expression of the foreign genetic material could be detected in high 
percentage of the treated cells for a few days. During this period of time foreign DNA 
is present in both free and integrated form, however, the free form soon disappears.
Stable transformant cell colonies— with continuous expression of new gene(s)— 
were isolated under selective pressure with a frequency of approx. 10-5.
Several techniques have been developed for the transfer of foreign DNA 
sequences into eukaryotic cells or protoplasts (McBride and Ozer, 1973; Pellicer 
et al., 1980; Graham and van der Eb, 1973; Fraley et al., 1980). One of the most 
promising methods uses artificial lipid vesicles (liposomes), providing protection 
against nucleases and delivering the DNA molecules into the cytoplasma by endo- 
cytosis or fusion with cellular plasmamembranes.
In this paper we report details of cell-liposome interaction, and the fate of 
foreign DNA sequences in the target cells. Furthermore, expression and physical 
state of the microinjected DNA will be discussed.
Materials and methods
C e ll culture
Rat H56 tk~ cells (kindly provided by Dr. M. Weiss) and СНО-KI pro-  Chinese 
hamster ovary cells were maintained in FI2 medium containing 5% calf serum. 
Mouse SL tk-  cells (obtained from Dr A. Venetianer) were grown in MEM sup­
plemented with 5% calf serum.
Abbreviations' MEM: minimal essential medium; LUV: large, unilamellar vesicles; 
PBS: phosphate buffered saline; SSTKNa buffer: 0.34 M sucrose, 0.15 mM sperine, 0.5 mM 
spermidine, 15 mM tris (pH 8.0), 60 mM KC1, 15 mM NaCI; TCA: trichloroacetic acid; HAT 
medium: tissue culture medium, containing hypoxanthine, adenine and thymine; HSV-TK: 
thymidine kinase gene sequence of Herpes Simplex Virus.
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DNA was purified from E. coli, lambda phage, cultured drosophila cells (КС cells), 
chick embrios, human embrionic liver of chicken red blood cells according to 
standard procedures.
Labelled DNA was purified from E. coli cells grown on a phosphate free 
medium supplemented with 5 mCi (200 MBq) 32P orthophosphate. In vitro label­
ling of lambda phage particles or lambda DNA with 125,1 was carried out accord­
ing to Hunter and Greenwood (1971) and Commerford (1971), respectively.
L ip o so m es
Large unilamellar phosphatidyl serine vesicles were prepared according to Papaha- 
djopoulos et al. (1975), purified by 1 M NaCl precipitation. Treatment] of cells with 
liposomes was carried out as described earlier.
Uptake of liposome entrapped, labelled DNA by cultured cells. Cells treated 
with liposome entrapped, labelled DNA were washed with cold PBS thoroughly 
and suspended in SSTKNa buffer, containing 0.34 M sucrose, 0.15 mM spermine, 
4 HC1, 0.5 mM spermidine. 3 HC1, 15 mM tris. HCl (pH 8.0), 60 mM KCl, 15 mM 
NaCl.
Radioactivity taken up by cells was determined by washing the cells on GF/C 
filters repeatedly with SSTKNa buffer, drying the filters and counting the radio­
activity in toluene based scintillation cocktails. Isotope content of nuclei was 
measured similarly, except cells were lysed and washed with SSTKNa buffer con­
taining 1% Triton X-100. For the determination of LUV encapsulated DNA, 
liposomes were digested with DNase I, washed and lysed with Triton X-1C0. DNA 
liberated from the vesicles was precipitated with cold 5% TCA, filtered and its 
radioactivity was determined as above.
A  u torad iography
2 X 104 H56 cells grown on glass slides, rinsed in PBS were treated with 
liposomes containing radiolabelled lambda DNA for various times. The cells were 
washed with PBS, fixed in 3 : 1 (v/v) methanol : acetic acid followed by 5% cold 
TCA and repeated washings in distilled water.
H56 tk~ cells treated with Drosophila DNA encapsulated in liposomes were 
exposed to 3H thymidine (10 MBq/ml, spec. act. 400GBq/mM) one day after the 
liposome treatment for 24 hours. The cells were washed and fixed as above.
Autoradiography was carried out by dipping the slides into L4 Ilford auto­
radiographic emulsion (diluted I : 1 in dist. water). After 1-20 days of exposure 
the slides were developed stained and photographed.
D N A  prepara tion  f r o m  lip o so m e -trea ted  cells
СНО-KI, H56 tk~ and SL tk_ cells were treated with liposome-entrapped 
HSV-TK/pBR322 or with a mixture of empty liposome and non-encapsulated 
HSV-TK/pBR322. For two days cells were maintained in non-selective medium 
which was then replaced by selective, HAT medium (Maitland and McDougall,
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1977). After 1,2, 4 or 6 days of incubation the cells were harvested and high molec­
ular weight DNA was prepared as described by Pellicer et al. (1978). Restriction 
endonuclease cleavage of DNA with Bgl II was performed in the presence of 0.01 % 
sodium azide at 37 °C overnight. The enzyme-to-DNA ratio was 1.5 units//<g of 
DNA and usually 20 p g  of DNA was digested.
F ilter hybrid iza tion
Cell DNA was tested for the presence of HSV-TK/pBR322 either by spot 
or Southern blot hydridization. Spot hybridization of non-digested DNA was 
carried out exactly as described by Brandsma and Miller (1980). 32P-labelled HSV- 
TK probe was prepared by nick translation (Rigby et a l, 1977) with a specific 
activity of 1-2 X 108 cpm//rg. For blot hydridization 20 p g  of Bgl II digested DNAs 
were fractionated by electrophoresis on 0.8% horizontal agarose gel and trans­
ferred to nitrocellulose filter essentially as described by Keiner and Kelly (1976). 
Annealing with labelled probe was carried out according to Wahl et al. (1979).
Results
U p ta ke  an d  in trace llu la r distribution  o f  liposom e-en trapped  D N A
Uptake and transport of liposome-entrapped DNA molecules by cells were 
studied by the use of [32P]-labelled E scherich ia  co li DNA encapsulated in LUV. 
Radioactivity was determined in the whole cells or in the nuclei 60 min after the 
addition of liposomes to cells. Table 1 shows that radioactivity measured in the 
cells or nuclei was practically the same, independently of the doses of liposomes. 
[32P]-labelled DNA found in the nuclei represented about 93 % of total activity 
taken up by cells which suggests rapid transport of DNA from cytoplasm into the 
nucleus. (Similar results were found using chicken leukemia cells and labelled 
DNA entrapped in liposomes Duda and Travnicek [unpublished].
Table 1
Uptake o f liposome-entrapped, ziP-labelled DNA by cells
Liposom e + R adioactivity (cpm) in
W ) cells nuclei
100 10.35 xlO3 9.87 XlO3 (95.4%)*
50 7.90 xlO3 7.31 XlO3 (92.5%)*
20 5.31 xlO3 4.96 XlO3 (93.5%)*
10 2.72Х103 2.38 XlO3 (87.5%)*
5 1.44 XlO3 1.39X 103 (96.5%)*
+ in 1 ml of liposome suspension 2.135 X 10e cpm of 32P-labelled DNA was encapsulat­
ed. Liposomes were added to H 56 cells and incubated for 60 min at 37 °C.
* Radioactivity of nuclei as compared to radioactivity of whole cells in percentage.
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Intracellular distribution of radiolabelled DNA during liposome treatment 
was followed by autoradiography (Fig. 1). Cultured cells were treated for various 
times with 125I-labelled, /D N A  encapsulated in LUV. 0.5 min after the addition of 
liposomes to cells, the plasma membrane was surrounded with LUV-entrapped, 
labelled DNA (Fig. la) 10 min later DNA was found within the cells showing an 
almost homogenous intracellular distribution (Fig. lb), while an additional 10 min 
of incubation resulted in the accumulation of labelled DNA in the nuclear or 
perinuclear region of the cells (Fig. lc). These results demonstrate that liposome- 
entrapped DNA molecules were taken up by cells, emptied into the cytoplasma and 
a significant fraction of DNA was transported into the nucleus within 20 min.
T he persistance  a n d  s ta b ility  o f  the m ic ro in jec ted  D N A
To test the presence and stability of foreign DNA, cloned DNA molecules 
were introduced into cultured cells by liposomes. The presence of foreign DNA 
was detected by nucleic acid spot hybridization after a longer period of incuba­
tion. tk~ mouse and rat cells were treated with liposome-entrapped FISV-TK gene 
inserted in pBR322, incubated for two days in non-selective and then in selective 
(HAT) medium. High molecular weight DNA was isolated from cells at various 
times of cultivation and I p g  from each was assayed for the presence of foreign 
DNA by nick translated [3aP]-HSV-TK/pBR322 probe. Spot hybridization of the 
samples (Fig. 2) showed the presence of foreign DNA in all cells treated with lipo­
some-entrapped DNA but no hybridization was detected with DNA isolated from 
control cells.
The physical state of the microinjected DNA, i.e. whether it was integrated 
into the host genome or remained in a free form, was studied by Southern blot 
hybridization. DNA extracted from liposome-treated tk“ rat cells was digested 
with Bgl II restriction endonuclease cleaving the circular HSV-TK/pBR322 mole­
cule only at a single site. DNA fragments, separated by gel electrophoresis and 
transferred to nitrocellulose filters were hybridized to highly labelled 32P-HSV- 
TK/pBR322 probe (Fig. 3). Fragments equivalent to or larger than the liposome- 
injected DNA were present in the cells one or two days after the liposome treat­
ment, corresponding to the free and probably to the integrated forms of plasmid 
DNA. A few days later the pattern of fragments has changed suggesting the disap­
pearance of the free form, leaving only integrated sequences in the nuclei.
E xpression  o f  g en es o f  liposom e-in jec ted  to ta l genom ic  D N A  in m a m m a lia n  cells
Gene expression of total genomic DNA sequences extracted from Drosophila 
melanogaster, chicken red blood cells and human embryonic liver was investigated.
Expression of Drosophila DNA entrapped in liposomes was tested in tk-  
mouse cells by autoradiography. Cells were treated with ‘empty’ and DNA-loaded 
liposomes and then incubated in H AT medium containing [:iH]-thymidine. After 
one day of cultivation (allowing time for phenotypic expression), the autoradiog­
raphy of control and DNA-treated cells showed a striking difference in [3H]- 
thymidine incorporation (Fig. 4). In cells treated with empty liposomes no radio-
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Fig. 1. Cell-liposoma interactions and intracellular distribution of 125I labelled DNA followed 
by autoradiography СНО-KI hamster cells were treated with liposomes entrapping I25I labelled 
lambda phage DNA. Incubation times were: a, 0.5 min; b, 10 min; c, 20 min
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Fig. 2. Spot hybridization of DNAs derived from liposome-treated cells. 32P-labelled HSV- 
TK/pBR322 was used as a probe. 2A—2G, DNA from SLTK cells 1, 2, 3, 4, 5, 6, 8 and 9 days 
after treatment with liposomes containing HSV-TK/pBR322; 3B—3E, DNA from H56 cells 
2, 4, 6, and 8 days after treatment with liposomes containing HSV-TK/pBR322; 1 A, untreated 
SLTK; 1C, untreated H56; 2H, SLTK and ЗА, H56 treated with a mixture of empty liposomes 
and HSV-TK/pBR322; IB, HSV-TK/pBR322
Fig. 3. Presence of HSV-TK/pBR322 sequences in cells treated with liposome-entrapped 
HSV-TK/pBR322. The hybridization profiles of 20 fig of Bgl H-cleaved DNA from tk~ mouse 
cells (lane A) and cells treated with a mixture of empty liposomes and HSV-TK/pBR322 
(lane B) are shown along with the Bgl II patterns of DNAs derived from cells treated with 
liposome-entrapped HSV-TK/pBR322 for 1 day (lane C), 2 days (lane E), 4 days (lane F) and 
6 days (lane D). HSV-TK/pBR322 and markers are shown in lane G and lane H-I, respectively
activity was found while a high amount of [3H]-thymidine was incorporated into 
the DNA of cells microinjected with Drosophila DNA (Fig. 4b). Incorporation of 
[3H]-thymidine reflects thymidine kinase enzyme activity, probably due to the
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Fig. 4. Thymidine kinase gene expression in treated cells tk-  mouse cells were treated with 
Drosophila DNA containing liposomes and one day later thymidine kinase activity was 
detected on the basis of 3H-thymidine incorporation, a, cells treated with “empty” liposomes; 
b, cells treated with liposomes containing Drosophila DNA
transient expression of Drosophila tk gene. No stable tk+ transformants were 
produced after a 3 weeks period of incubation in HAT medium.
Transient expression of Drosophila DNA was demonstrated also in CHO-K1 
pro-  cells by prolonged survival of cells in proline free medium (Fig. 5). Cells 
treated with empty liposomes showed typical survival curves while cells micro- 
injected with DNA showed a somewhat increased life-time.
While the temporary expression of microinjected genes could be detected 
in a large fraction of treated cells, stable genetic transformation of recipient cells 
occurred only at a rather low frequency. Transformant colonies were produced 
only if cells were microinjected with avian or mammalian genomic DNA. 200 yug 
high molecular weight DNA purified from chicken red blood cells or human em-
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Fig. 5. Survival of СНО-KI pro" cells in proline deficient medium after liposome mediated 
DNA transfer. Cells were treated with “empty” and Drosophila DNA containing liposomes 
(for one hour) and kept on medium lacking proline. Transient gene expression in DNA treated 
cells increased survival time with 2—3 days
bryonic liver were encapsulated in liposomes prepared from 1.9 /rmol phosphatidyl 
serine per ml and 100 /Л of liposome suspension were added to each petri dish 
containing 5x 10e СНО-KI pro- , or mouse or rat tk-  cells. After cultivation of 
the cells in proline free or HAT medium, respectively, pro+ and tk+ colonies were 
observed at a frequency of approximately 10-5 (above rate of 10-7 to 4x 10-7 
found in case of untreated, control cells).
Discussion
The potentional usefulness of liposome-entrapped genetic material for trans­
formation of cultured cells highly depends upon the uptake of encapsulated mate­
rial and on the fate of microinjected nucleic acids within the cells. We have demon­
strated that liposome-entrapped DNA molecules from different sources were ef­
fectively taken up by cells and transported from the cytoplasm of cells into the 
nucleus. 20 min after the addition of liposomes to cells a high proportion of foreign 
DNA accumulated in the nuclear and perinuclear parts of the cells, and 40 min 
later approximately 93% of the labelled foreign DNA was localized within the
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nucleus. The use of cloned DNA molecules demonstrated the survival of micro- 
injected DNA molecules for at least for 8 days. The foreign DNA sequences seemed 
to be integrated, having molecular weights higher than the introduced plasmid 
DNA. (The presence and state of foreign DNA were investigated only in a relative 
short period of incubation since 8 days after the liposome treatment almost all 
cells died, providing insufficient amounts of cells for extraction of host DNA.)
Temporary expression of foreign genomic DNA was observed in a great 
proportion of liposome-treated cells; however, stable genetic transformation of 
mammalian cells produced by avian or mammalian DNA was a relatively rare 
event. The fact that no transformant colonies were observed after treatment with 
Drosophila DNA is in agreement with the results of DNA-mediated transforma- 
ton of mammalian cells, although our data indicated a transient expression of 
Drosophila genes.
On the basis of our results we assume that nucleic acids entrapped in lipo­
somes can be applied for transformation of cultured cells and liposome-mediated 
microinjection of DNA provides an alternative, probably generally applicable 
technique for introduction of specific genes into cultured cells.
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Once upon an early period in my scientific carrier Straub had taken side with 
me in a sharp, heated discussion in the old Institute of Medicinal Chemistry. 
Itcaused some surprise among the older members of that famous Institution. To an­
noy them more in the late afternoon of the same day Ágnes Ullmann devised a 
paper bib for me with the inscription “Daddy’s favourite”. Her intention was not 
quite clear but it made a long-lasting impression on me. 1 definitely wanted to 
inherit some of the bad traits of our “Daddy’s” character. First of all his persis­
tence: by introducing an unexpected idea finally he always managed to turn a com­
pletely fruitless work into an apparently most thoroughly devised triumph envied 
by many. Also his playful passion with which he approached scientific problems 
whether the conditions to solve them were given or not. And strangely enough, 
after some time the given conditions turned out to be the most appropriate in sup­
porting his ideas. I needed long years of practice before manifesting my inheritance 
in a modest way.
I began working on the regulation the B. cereus penicillinase. At the time, 
the efforts of most scientists in the field were concentrated on studying the syn­
thesis of jS-galactosidase in the well-known E . coli, the unique bacterium on which 
the whole empire of the new biology was founded. Attention was directed mostly 
to the connection of ribonucleic acids and protein synthesis. Later it was discovered 
that /l-galactosidase and the penicillinase systems differ strongly in this respect, 
because /f-galactosidase synthesis is controlled by high turnover mRNA while 
the penicillinase system is characterized by a stable mRNA. Therefore, the latter 
seemed to be an appropriate first model for studying eukaryotes in which protein 
synthesis is also directed by stable mRNAs.
We have found a new type of enzyme induction caused by concentration 
electrolytes. B. cereus growing on an electrolyte containing medium secretes large 
amounts of penicillinase in the absence of a specific inducer (penicillin). The aspe- 
cific character of this induction was a great challenge for both theory and method­
ology. We proved that the electrolyte-caused induction was due to the conforma­
tional change of the natural inducer binding protein (Csányi et al., 1967a), which 
was assumed to be the main regulatory factor of penicillinase synthesis. We could 
remove the penicillin-binding protein from the bacterial cell wall, and confirmed 
both the regulatory function of this particular molecule and its role in stabilising 
the penicillinase m-RNA (Csányi et al., 1971a). These studies culminated in the
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construction of a new regulatory model of penicillinase synthesis. The “firmator” 
model was the first and only model which interpreted all the available experimental 
data on penicillinase and firmly supported the central role of stable m-RNA in the 
regulatory mechanism. [For some early reactions see Collins (1971).]
Besides the studies on the regulatory mechanism of penicillinase synthesis 
we also studied connections between the chemical properties, e.g. conformation, 
the position and oxidative state of the amino acid side chains and the enzymatic 
activity of the penicillinase protein. We established the chemical basis of the pecu­
liar iodine sensitity of penicillinase enzyme (Csányi et al., 1970a, 1971b, 1971c). 
We also studied the correlations of the enzyme structure and the effects of synthetic 
penicillin dérivâtes (Csányi et al., 1970b) on which the pharmacological activity 
of the latter is based.
At this time I believed my career in biochemistry led straight up to the skies, 
but when the “Golden Cage” of the Biological Center of the Academy was set up 
for my peers at Szeged, suddenly I said good-bye to biochemistry. This was ap­
propriately dramatised by my friend Peter Friedrich who, reviewing Flungarian 
Biochemistry, wrote: “Stop press news: Csányi and his co-workers have packed 
up the penicillinase work and embarked on an entirely different subject, the bio­
chemistry of learning and the biochemical aspects of behaviour genetics. Does 
fortune favour the brave?” (Friedrich, 1973). A considerable time has passed since, 
so now I can answer your question Peter: If anyb o d y  favours him at all, it is cer­
tainly Fortune.
While I was working with bacteria I always had some misterious idea that 
I would feel much more confortable in the company of animals. The first step in 
this direction was made earlier when I had a Ford Fellowship at Harvard for study­
ing enzyme induction in mammals with Olga Greengard. We have shown unques­
tionably that upon induction of tyrosine aminotransferase by various hormones 
a stable mRNA is synthesised (Csányi et ah, 1967b, Csányi and Greengard, 1968). 
A further step towards the newly chosen field also involved biochemistry. Invited 
to the New York Center for Neurochemistry I worked with Abel Lajtha on the 
axoplasmic transport of free amino acids in the nervous system. Free amino acid 
transport was questionable at this time because of the contradictory data. Some ex­
periments upported the free amino acid transport by axoplasmic flow, but many 
researchers argued against the possibility of this kind of transport on the grounds 
that the secondary breakdown of transported proteins were not ruled out by the 
experiments. However, using nonmetabolising amino acids we have shown that 
free amino acids really are transported and the possibility of their secondary origin 
has been excluded (Csányi et al., 1973a).
The rise of ethology made its impact on biology during the golden years of 
the seventies and I realised that I wanted to be in ethology, especially in behaviour 
genetics. First without a clear perspective, just to gain experience I began to deal 
with imprinting.
Young individuals of several precocial species stay near their parents for 
a certain period after hatching; they follow the parents if necessary, and are able
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to distinguish them from other adult individuals of the species. The part of this 
complex of activities through which the young animals acquire, by a very brief 
exposure, a tendency to follow or approach the parents or an appropriate stimulus 
source on a test made at a later time, was termed by Lorenz as a special kind of 
learning: “imprinting”. In our experiments with chickens we found that the ap­
proach response to a relatively weak imprinting stimulus can arise by two different 
mechanisms. Some chickens approached the object of the stimulus within a few 
minutes, others needed a considerably longer stimulation, essentially a conditioning 
to elicit the approach response. The two mechanisms which we termed “prompt 
approach” and “conditioned approach” are distinguished on the basis of the dif­
ferent conditions required for eliciting them (Csányi et al., 1973b).
Biochemical approach flashed up again in some experiments. The effects of 
puromycin and cycloheximide on memory of birds were examined in an imprinting 
process. Prompt approach response of chicks to an imprinting stimulus was in­
hibited neither by puromycin nor by cycloheximide, two potent inhibitors of 
protein synthesis. But conditioned approach response was almost completely 
prevented by intracerebrally administered puromycin. Puromycin also influenced 
the chicks’ stimulus recognition in a discrimination test, without impairing their 
ability and readiness to make a choice between two stimuli (Gervai and Csányi, 
1973). The same year in which these results on imprinting were published I was 
invited to L. Eötvös University’s Faculty of Natural Sciences to organise the Labo­
ratory of Behaviour Genetics. I decided to work with fish, primarily with the para­
dise fish ( M a cropodus opercularis) which has a short generation time, large number 
of offspring and is convenient to work with in the laboratory. My long-term project 
reflected a new approach in behavioural genetics analysis in that we try to analyse 
the genetic architecture of natural components of behavior.
It was clear that we had to work in two loosely connected fields. First we 
needed genetically homogeneous strains of paradise fish for the behavioral study 
and we had to work out the proper ethological methods of observing fish behavior 
which would be suitable for genetical studies.
But first of all we badly needed money because our budget at the University 
was scarcely enough for fish food. This was the first time for fortune to favour the 
brave. I met with István Tőig who has just set up a new warm-water fishery designed 
and directed by himself. When I spoke to him about our plan to obtain genetic­
ally homogeneous M a cro p o d u s  in the shortest possible time by applying gyno- 
genesis, a peculiar kind of parthenogenesis, he immediately realised its applicability 
in commercial fish breeding and generously offered long time support and research 
facilities. His condition for the support was that we should work with carp. I ac­
cepted the offer and so we made a detour in research.
The phenomenon of artificial gynogenesis has long been known, but the 
extremely low yield of gynogenetic offspring has made it a laboratory curiosity. 
Theoretically, parthenogenetic propagation promised to be a very effective way of 
getting genetically homogeneous lines very quickly. After some hard years we suc­
ceeded in mass production of gynogenetic carp (Nagy et ah, 1978).
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To make the intercrossings of gynogenetic carp lines possible, we worked 
out the method of phenotypal sex-transformation of genetically female carps for 
producing fertile males (Nagy et ah, 1981). The inbreeding of carp by gynogenesis 
and intercrossing the homogeneous lines resulted in a new commercial breeding 
program in Hungary. The Fisheries Research Institute is introducing our hybrids 
right now into commercial production. The new hybrids are producing 20-40% 
more meat than the presently used best lines (Nagy et al. 1984). We developed 
a short-term laboratory system for the evaluation of carp growth in ponds (Nagy 
et al., 1980) and we also produced high yield triploid carps, which hold promise 
for commercial breeding, too (Gervai and Csányi, 1978, Gervai et al., 1980a).
Beside the applied research of carp genetics (Nagy and Csányi, 1978; Gervai 
and Csányi, 1978) we used carp in studies of classical genetic analysis (Nagy et ah, 
1979; Gervai et ah, 1980a) and immunogenetics (Nagy et ah, 1983). Some of our 
studies provided some contribution to the understanding of the mechanism of 
genetic homogenisation by gynogenesis. We showed that while several subsequent 
gynogenetic propagation results in isogenic populations suitable for breeding, 
contrary to the general expectation the inbreeding coefficient remains below a cer­
tain value. It is because genes of high recombination frequency tend to remain 
heterozygous (Nagy and Csányi, 1982). To overcome this effect and to produce 
truly inbred strains, we worked out a new breeding system. Based upon the distri­
bution of recombination frequencies, a strategy of alternating gynogenesis and 
sibmating with sex-transformed gynogenetic males results in selfing type breeding 
by which high level of homozygosity can be achieved (Nagy and Csányi, 1984). 
These results are appropriately valued by international reviewers (Cherfas, 1981; 
Kirpichnikov, 1981 ; Thorgaard, 1983).
Different theoretical aspects and practical use of inbreeding and gynogenesis 
were dealt with in a comprenhensive review (Csányi, 1983).
Working on carp gynogenesis took much time and energy away from our 
basic research but we have gained some knowledge which was used in producing 
gynogenetic lines from M a cro p o d u s  (Gervai and Csányi, 1984). For an appropriate 
genetic control over the newly developed M acropodus strains we identified several 
biochemical markers in this fish (Monostory et ah, 1983). Our aim with the gyno­
genetic lines besides getting inbred lines, was to develop recom binan t in b red  (RI) 
strains from M acropodus. RI strains were first established in mice and became most 
sophisticated tools in vertebrate genetics. These strains allow one to arrive at 
genetic linkage and models for genetic determination of particular traits in com­
paratively short periods of time. RI strains are derived from the cross of two un­
related but highly inbred progenitor strains. This cross is then maintained inde­
pendently from the F3 generation with strict inbreeding. The procedure fixes the 
change recombination of genes in generations following the F2. The resulting bat­
tery of strains can be looked upon in one sense, as a replicable recombinant popula­
tion. In actual experimental use, an indication of the approximate number of ef­
fective loci determining differences in a trait, is obtained from the number and 
range of distinctive phenotypic groupings in relation to the progenitor strains.
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The location of the groupings in relation to the progenitor strains and their Fx also 
has the potential of revealing dominance and epistatic gene action. With compari­
sons of the strain distribution patterns of different traits it is possible to obtain cues 
of potential linkage relationship. Nevertheless there are quite a few problems in 
applying this new technique. The most annoying problem is the length of time 
needed to establish an RI strainbattery. To breed the forty generations required 
to reach the appropriate level of homozygosity takes many years, even in the 
mouse. It seemed quite appealing to apply gynogenesis for shortening the necessary 
time. According to our calculations one gynogenetic generation is approximately 
equal with 6-8 generations of sibmating in term of genetic homogeneity. We 
just finished the development behavioural testing of a Macropodus strain bat­
tery of 15 strains (Gervai and Csányi, 1985). But before we are going in to de­
tails of that study some words are necessary about our behavioural experiments.
First there were series of pilot experiments in which we tried different 
methods (Székely and Csányi, 1978; Kabai and Csányi, 1978a; Vadász et al., 
1978a; Székely et al., 1978).
We defined two classes of observational parameters. The first class is the 
so-called behavioural-test, widely used in experimental psychology. The animal 
to be tested is put into a highly artificial and carefully controlled environment and 
certain predetermined parameters of its behaviour are measured. We refer to this 
test by various denominations such as “open field behavior”, “curiosity”, etc.
The second class of parameters are the “action units”. An action unit is 
a set of behavior patterns defined by ethological criteria. For example the creeping  
unit is a characteristic slow movement. The fish, closely clinging to the bottom, 
is propelled forward only by pectorial fin fanning. Dorsal, pelvic, anal and caudal 
fins are closed. Creeping may be observed under a wide range of environmental 
circumstances including natural ones (Csányi et al., 1985a, 1985b). In order to 
analyse action units the fish are placed in various, more or less natural environ­
ment, observed through closed TV circuit and the actions are recorded with the 
help of a computer. We found that action units are genetically controlled and as 
behavior parameters are appropriate for genetic analysis (Kabai and Csányi, 
1978b; Vadász et al., 1978b).
We made a large comparative testing program on the battery of the gyno­
genetic recombinant inbred (GRI) strains of the paradise fish. Ninteen independent 
parameters measured in the various behaviour tests and about the same number of 
action units were recorded in hundreds of the animals of the GRI groups. The sta­
tistical evaluation is in progress and preliminary results show that most of the test 
parameters as tra its  are polygenic and only a few of them are worth for further 
analysis. Among the action units there are quite a few in which the variab'lity 
between the recombinant strains appears to be controlled by one or a few genes 
(Gervai and Csányi, 1985, 1986, Csányi and Gervai 1986a, 1986b).).
We hope that with the help of this genetic analysis a clear identification of 
the natural units of behavior can be achieved and a way to etho-genetical analysis 
will be opened up.
A cta  B iochim ica et B iophysica A cadem iae  S cientiarum  H un g aricae  20. 1985
218 C s á n y i: W a n d er in g  o f  a  b la c k  sh eep
In recent experiments we studied fish behavior in a more complex situation 
involving also learning behaviour. In seminatural environment and an aquatic 
Skinner-box we observed the behaviour of the paradise fish in the presence of 
natural predators a pike or members of peaceful species and various fishlike dum­
mies. In some experiments mild electric shock was applied as a source of pain.
The results of the various observations and experiments are as follows: 
When the paradise fish meets a member of another species of fish, an innate ex­
ploration is induced which is waning quickly upon repeated meetings. However, 
if the approached fish or fish-like object reacts and injures of frightens the paradise 
fish, then avoidance response is elicited and fixed by a quick learning process. 
The avoidance response can be elicited again whenever the members of the same 
species appear.
The results in passive avoidance learning paradigm indicated that appropriate 
stimuli, i.e. fish of another species and fish-like dummies enhance the effect of mild 
electric shock very effectively. We found that specific key-stimuli are necessary 
for a proper avoidance conditioning process.
To account for these observations we constructed a new hypothesis, which 
was based on the assumption that the brain was m odelling  its environment. The cen­
tral feature of this hypothesis is the genetically determined species-specific k e y  
stim u lus. Appearance of such stimuli in the environment of the paradise fish results 
in immediate orientation and turning on an id en tifica tion  p rocess manifested in 
approach and thorough exploration. If the carrier of the key stimuli is passive 
then the exploratory behaviour slowly diminish by way of simple hab itu a tio n . 
If the carrier of the key stimuli interacts with the paradise fish and causes fear or 
pain then sp ec ie s-sp ec ific  defensive reaction  becomes activated and the e x a c t f e a ­
tures of the carrier are fixed in m em o ry  by S-S type association. In the case of recur­
ring of the same stimulus carrier the defense reaction becomes elicited by its re­
p resen ta tion  in the memory w ithou t previous exploration. We call this hypothesis 
in teractive learn ing , because learning is the result of the paradise fish’s active search 
for the appropriate object.
In terms of the modelling function of the brain, the brain of the paradise fish 
is assumed to contain some kind of “wired in” representation of the key stimuli, 
which makes the identification possible. It also has an innate tendency to explore, 
directed by these innate representations and a proper mechanism to elicit species- 
specific defense reaction, if fear and pain come upon it. The function of model 
building is to provide this dynamic mechanism with precise data about the carriers 
of key stimuli. In nature where peaceful and predatory carriers of key stimuli 
can be found as well, certain amount of learning results in the representation of 
the most important features of the given environment in the brain of the paradise 
fish in the form of a model. The representation of peaceful species manifest them­
selves in re s tra in ts , the representations of predators in active  avo idance behav ior  
(Csányi, 1985a, 1985b, 1986).
Our ethologically oriented research also produced some practical results. 
By observing action units, the state of the nervous system of the animal can be
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described very exactly (Nagy et al., 1986). In cooperation with an Italian psycho- 
pharmacological group we use ethological methods to evaluate the effects of 
various opiates on the nervous system (Csányi et al., 1984; Dóka et al., 1985).
If one is working on widely different projects as ranging from genetics 
to ethology, it is a compelling necessity to build up a theoretical framework 
which contains every important aspet of such projects. Nowadays genetics is based 
on an evolutionary approach and model-building function of the animal brain is 
also understandable only in terms of behavioral evolution. For a long time my 
main theoretical interest has laid in evolution. I would like to comprehend all 
main aspects of life and to bring into a unified conceptual framework the molec­
ular, cellular and organismic levels of evolution not only with behavioral and 
ethological, but also with the cultural and technical levels, which are not generally 
incorporated into the classical concept of the Darwinian theory. The first sketch of 
a general theory of evolution was published in Hungarian (Csányi, 1978). A con­
cise English paper followed it (Csányi, 1980). This paper was reprinted upon the 
request of the Institute of General System Research in their yearbook (Csányi, 
1982a). The English translation of the book was published, too (Csányi, 1982b). 
The first review seems reasonable (Vine, 1983).
My latest publications in this field describe au togenesis, a newly developed 
conception based upon the earlier general theory (Csányi 1985c, Csányi and 
Kampis 1985, Kampis and Csányi 1986). Autogenesis is a theoretical model which 
has been introduced for the description of the spontaneous emergence of replica­
tive organization in compartment systems like living and social systems. It was 
suggested that imperfect replication — a copying process achieved by a special 
network of functionally interrelated components and component-producing pro­
cesses that produces the same network as that which produced them — character­
izes such systems. The information used in this copying process, whether it is 
stored by special means or distributed in the whole system is called replicative 
information. During autogenesis, replicative information increases in the system 
and compartments form. A compartment is the co-replicating totality of compo­
nents. The end state of autogenesis is an invariantly self-replicating organization 
which is unable to undergo further intrinsic organizational changes. Levels of 
evolution emerge as a consequence of the relative autonomy of the autogenetic 
unities. On the next level of organization they can be considered as components 
with functions and a new autogenetic process can commence. Thus evolution 
proceeds towards its end state through the parallel autogenesis of the various 
levels.
In terms of application, ontogenesis of multicellular organisms is dealt 
with in detail as an autogenetic process as is the autogenesis of the biosphere 
(Csányi and Kampis 1985) and the global bio-social system (Csányi and Kampis 
1986).
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Translational Coupling at the Intercistronic Boundary of 
an Artificially Constructed Operon in Escherichia coli
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By using recombinant DNA techniques an artificial operon was constructed 
that codes for two fusion proteins under the control of the beta-lactamase promoter of 
plasmid pBR322. The two proteins are: 1. beta-lactamase-trp В (43 kd) 2. trpA-beta- 
galactosidase (120 kd). Frameshift mutations in the N-terminal region of the first gene 
resulted in a dramatic reduction in the synthesis of the protein coded by the second 
gene. This strong polar effect could not be accounted for by correspondingly lower 
level of the distal region of the messenger RNA, only by “ translational coupling” due 
to the overlap of the termination codon of the first gene with the initiation codon of the 
second gene. It was concluded that the strong “translational coupling” observed in this 
artificial operon can be generally used to ensure coordinated high-level synthesis of 
proteins in opérons constructed by recombinant DNA techniques.
Operon polarity is a well known phenomenon in prokaryotic molecular 
biology. It means that nonsense mutations in promoter proximal genes of various 
opérons lead to decreased expression of the distal genes of the same opérons, al­
though these genes do not contain any lesion. Ample evidence suggests that the 
primary cause of this effect is the dissociation of translating ribosomes from the 
polycistronic message at the mutant site. As a consequence, the “naked” messenger 
is exposed to either more rapid decomposition starting from the 3'end, or prema­
ture termination at secondary, rho-dependent termination sites (Adhya and Got­
tesmann, 1978). In other words, the polarity is essentially transcriptional; decreased 
expression of distal genes is due either to decreased synthesis, or faster decom­
position of this part of the polycistronic messenger. In some exceptional cases how­
ever the existence of a different mechanism, called “translational coupling” has 
been demonstrated (Schümperli et ah, 1982; Oppenheim and Yanofsky, 1980). 
It has been shown that if the translational stop and start signals of two adjacent 
genes of an operon follow each other very closely, or even overlap, nonsense 
mutations in the proximal gene result in strong polar effects in the neighbouring 
gene, without strongly affecting the other, more distal genes of the operon. In these 
cases the transcriptional explanation has been ruled out and it was proposed that 
the underlying mechanism is the tight coupling of the translation of the two adja­
cent genes. It has also been suggested that this translational coupling is an impor­
tant regulatory mechanism which ensures the equimolar production of the proteins 
coded by the adjacent two genes. In their paper reporting translational coupling 
between the trp E and trp D genes, Oppenheim any Yanofsky write: “ . . .  it is
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conceivable therefore that translational coupling between trpB andtrp A, similar 
to that we observe between trp E and trp D could be demonstrated”.
In this paper we demonstrate the existence of just this coupling. Moreover 
by demonstrating the efficient coupling at the trp B- trp A boundary in a different 
context, in an artificially constructed operon, we also show that this (or similar) 
boundary region(s) might serve as portable coupling elements in opérons construct­
ed by recombinant DNA technology to ensure an equimolar synthesis of various 
proteins coded by the operon.
Materials and methods
B acteria l stra ins a n d  p la sm id s
E scherichia  co li HB101 (Boyer and Rouland-Dussoix, 1969) the lac-  indi­
cator strain ED8800 (Murray et al., 1977) and the minicell forming DS410 (Dougan 
and Sherratt, 1977) were used. For plasmid construction plasmids pBR322 (Bolivar 
et al, 1977) and plac23 (Boros et al., 1983) served as starting materials.
E n zym es: All restriction endonucleases, T4 DNA ligase and T4 polynucleo­
tide kinase were prepared in this laboratory by established protocols. Sx nuclease 
was from Sigma, Bacterial alkaline phosphatase from Worthington, DNA 
polymerase Klenow-fragment from Boehringer.
R ecom binant D N A  m eth o d s
Plasmid DNA was isolated from E scherich ia  coli HB101 after chlorampheni­
col amplification by the method of Clewell (1972). The crude plasmid was further 
purified by gel filtration chromatography on Sephacryl S-1000. Transformation 
was carried out according to Lederberg and Cohen (1974). Ligation of DNA with 
cohesive ends was performed as described by Covarrubias and Bolivar (1982). 
Attachment of synthetic linkers was done according to the manual of Maniatis 
et al. (1982). All restriction endonuclease digestions were performed as recom­
mended by New England Biolabs. For the removal of single-stranded ends DNA 
(at 20 |ig/ml) was incubated with St nuclease (5 units//rg DNA) in 30 mM Na- 
acetate, 1 mM ZnS04, 0.3 M NaCl, 5 %  glycerol at pH 4.6 for 15 min at room 
temperature. DNA fragments were isolated from agarose gels by electroelution.
B eta-ga lactosidase a ssa y
Beta-galactosidase positive transformants in the lac-  host ED8800 were 
screened using McConkey agar indicator plates. For quantitative assay the method 
described in Miller’s manual (1972) was used.
Translation in m in ice lls
Minicells were prepared according to Meagher et al. (1977) from E. co li 
DS4I0, transformed with the appropriate plasmids. Labelling was with 3oS-L- 
Methionine (Amersham, 800 Ci/mmole) for 30 min (10 /(Ci/sample).
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Labelled proteins were separated on 8 % acrylamide-SDS gels by the method 
of Laemmli (1976).
D N A -sequencing
The Maxam-Gilbert technique was used (1980). Labelling was done by repair 
synthesis at the 3’ termini, using DNA-polymerase Klenow fragment in 50 mM 
K-phosphate (pH 7.4), 5 mM MgCl2, 5 mM 2-mercaptoethanol, 50 qM dCTP, 
dGTP, TTP and 0.5 qM alpha-3?P-labelleddATP. (It was prepared by the method 
of Walseth and Johnson, 1979.) DNA fragments were isolated from acrylamide 
gels by electroelution.
H ybrid iza tion
Isolated DNA fragments were dissolved in water at 500 /ig/ml. denatured 
with NaOH, neutralized, adsorbed and fixed to nitrocellulose as described in the 
manual of Maniatis et al. (1982). Forthe preparation of labelled RNA HB101 cells 
transformed with the appropriate plasmids were grown in glucose-minimal medium 
to an OD600 0.6, then 20 qCi/ml 3H-uridine (Chemapol, Prague) was added. After 
90 s cells were poured onto crushed ice, centrifuged, and resuspended in 50 mM 
Na-acetate (pH 5.2) — 0.5% SDS. After three successive phenol extractions RNA 
was precipitated with 2.5 vol ethanol in the presence of 0.3 M Na-acetate, centri­
fuged, dried and finally dissolved in 0.1 ml water. Prior to hybridization filters were 
boiled in water for 1 min. Hybridization was carried out in 2 x SSC for 18 hours 
at 65 °C with 6—8.105 cpm 3H-RNA/filter. Filters were washed twice with 2xSSC, 
incubated for 1 hour at room temperature with 20 qg/ml RNase in 2 x SSC and 
washed again three times with 2 x SSC before measuring the radioactivity. All as­
says were done in triplicate and hybridization to RNA isolated from plasmid-free 
HB101 served as control.
Results and discussion
Our experimental system was a recombinant plasmid, carrying an artificially 
constructed operon. It consisted of two fusion genes connected with the natural 
boundary between trp В and trp A. It has previously been shown that at this bound­
ary the two genes overlap, the last nucleotide of the trp В stop codon is the first 
nucleotide of the trp A start codon (Platt and Yanofsky, 1975). The first (promoter- 
proximal) gene was fused from the promoter, and translational start region of the 
beta lactamase gene of the pBR322 plasmid, and the 3’ part of the trp В gene. 
The two coding regions were fused in phase, with a Hindii! linker in between. 
The linker provided a unique restriction site by which frame-shift mutations could 
be easily generated. The second (distal) gene was fused from the 5’ part of trp A and 
most of the lac z (beta-galatosidase) gene of E . coli. As only the nonessential N-ter- 
minal amino acids of the beta galactosidase protein were replaced by the 5’-ter- 
minal (N-terminal) trp A peptide, the fusion product retained its beta galactosidase 
activity, thus its synthesis could be detected on indicator plates and easily measured
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MboII ^digestion
435 -10
<<<о
o<  о  о  ti о <<
translation
transcription
S1 digestion
* Eco RI linkers 
Hind HI
Eco RI -Xmal 
Hind Ill-Xmal 
digestion
Fig. 1. The construction of pALAl. Only the relevant restriction sites are shown. (E =  EcoRI»
H =  HindlII, X =  Xmal)
quantitatively. The construction of this artificial operon is schematically illustrated 
on Fig. 1. Most of the sequence originated from the E. coli strain W209, a deletion 
mutant in which the trp and lac opérons were fused. This fused operon was part 
of the promoter-detecting vector lambda 21 (Holowachuk et ah, 1980) and used 
for the construction of the pBR313 derived plasmid plac23 (Boros et ah, 1983). 
plac23 contains part of trpB, the trpB-trpA boundary, and the 5’ end of trpA fused 
to lacZ, but this whole sequence is not expressed because of the absence of any 
promoter. The promoter originated from plasmid pBR322 in the form of a 196 bp
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promoter bla-AtrpB trpA-lacZ(Aw209)
-  TTCAAAT 1 ■■•Ia CAAt ]  ■ G - fÄGGAA 1-GAGT-l ATG j AGC CAA 
-35  -10 SD ^linker
MET SER GLN
GCTjTTT 
ALA PHE
GCT ■ 
VAL...
transcription
mRNA
translation
protein
bla-AtrpB trpA-lacZ
43 Kd ~  120 Kd
Fig. 2. Schematic illustration of the fused operon of pALAl
MboII fragment (map position 4157-4353) (Sutcliffe, 1977). This fragment was 
isolated, treated with S, nuclease and ligated with synthetic EcoRl and Hindii! 
linkers. After digestion with EcoRl and HindlH, this fragment was ligated to 
Hindlll-Xmal and EcoRI-Xmal digested piac 23. The ligated DNA was then used 
to transform the lac-  E. coli strain ED8800. AmpRlac+ colonies were selected and 
further analysed. One of these AmpRlac + clones (termed pALA-1) exhibited a very 
high level of beta-galactosidase (2500 ±  400 Miller units). The structure of this 
plasmid was analysed first by restriction analysis and Southern blotting, then with 
sequencing the relevant region by the Maxam —Gilbert procedure. Its structure is 
illustrated on Fig. 2. It was shown that in this plasmid, the promoter, and the 5’-end 
of the beta-lactamase gene was connected with the HindlH linker to the З’-end of 
the trpB gene in the appropriate reading frame, thus the fused gene was translated, 
and this permitted the high-level expression of beta-galactosidase. This was con­
firmed by analysing the proteins synthetised in a “mini-cell” system programmed 
by the plasmid. Figure 3 shows that the predicted 43 kd protein corresponding to the 
beta-lactamase-trpB fusion protein, and the 120 kd protein corresponding to the 
trpA-lacZ fusion are indeed being synthetised.
Nonsense mutations in the first gene of the artificial operon of pALA-1 are 
easy to generate by causing a fragmeshift. For this purpose, the plasmid was linear­
ized at the unique Hind III site, the resulting protruding ends were digested with 
Sj nuclease, and the blunt-ended DNA was recircularized with T4 DNA-ligase.
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Fig. 3. Proteins synthetised in minicells programmed by recombinant plasmids. Autoradio­
gramm of 35S-labelled proteins, separated on a 8% polyacrylamide-SDS gel. Slots A and C: 
plasmid pALAl. Slots B, D and E: recombinant plasmids pALAldtT 19, pALAlzlHj 30, 
pALAlzlHx 32 (frame-shift mutants). The arrows indicate the 43 Kd and 120 Kd proteins
This 4 bp deletion generated a frame-shift, and thus a terminator codon near the 
beginning of the trpB sequence (Fig. 4). As shown in the minicell system, this 
mutant did not produce the 43 kd protein, and the synthesis of the 120 kd protein 
was also reduced. The beta-galactosidase measurement in cell extracts revealed 
a drastic approximately 20-fold reduction to about 114+18 Miller units (Table 1).
In order to distinguish between the possibility of transcriptional or transla­
tion origin for this extremely strong polar effect, we tried to determine the level or 
messenger RNA. For this purpose the 5 kb EcoRI fragment of plac23 encompas­
sing the whole trp-lac region and the 1.98 kb FIpal-EcoRI fragment of the same 
plasmid, containing only lacZ sequences were isolated, fixed on nitrocellulose and
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pALA1
operon
[pALA1 ДН
(met) (ser) (gln) (ala) (phe) (m l)
A^TG AGC GA|A GCT| TTT GTC
ATG AGC CAT TTG TCA 15AA TGA 
(MET)^Êr)^LN)([ËÜ) (SER) (Stop)
Fig. 4. Generation of the frame-shift mutation in pALAl
hybridized to 3H-uridine labelled RNA isolated from HBI01 E. coli cells trans­
formed with either pALA-1 or the frameshift mutant. These hybridization experi­
ments are summarized in Table 1. It can be seen that although the frameshift 
causes a slight drop in the level of messenger coded by the distal gene, this cannot 
possibly account for the 20-fold decrease in protein level.
Thus it must be concluded that in this case the strong polar effect is due to 
translational coupling. Because of the overlap of the trpB terminator and trp A 
initiator codons, trp A translation can be efficiently initiated only if trpB transla­
tion is properly terminated. If trp В translation is prematurely terminated (as in the 
frameshift mutant) ribosomes fall off from the messenger. This leads to a slight 
decrease in messenger level, but the far more dramatic result is the severe decrease 
in the efficiency of initiation at trpA. This effect is exactly the same what occurs 
at the trpD-trpE and galK-galT boundaries (Oppenheim and Yanofsky, 1980; 
Schümperli et ah, 1982). We believe that the significance of the results presented
Table 1
Comparison o f pALAl with the frame-shift mutants 
pALAlZtFh 19, pALAlzU-fi 30 and pALAldHi 32 are frame-shift mutant clones
derived from pALAl
/3-galactosidase1
activity
Expressed2
protein
trp-lac m RNA3 
level
lac m R N A 3 
level
lac m R N A  
half-life 
time
pALAl 1F2500 43 Kd
/?-galactosidase
100% 100% W2.?>
min
pALAl JH ! 19 96 /3-galactosidase 59.5% 41.0% -
pALAlzlH, 30 102 /f-galactosidase 69.8% 44.5% 2.0 min
pALAl/tHj 32 132 /S-galactosidase 71.0% 48.2% —
1 /S-galactosidase activity is expressed in Miller units.
2 based on the results of minicell experiments (Fig. 3).
3 based on the results of hydridization experiments.
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here lies in the fact that translational coupling was demonstrated in an artificial 
operon, where none of the synthetised proteins were identical with the proteins 
coded by the original operon carrying the boundary. Thus they serve to illustrate 
that overlapping terminator and initiator codons can be used as portable agents 
of translational coupling, to ensure high level coordinated synthesis of different 
proteins coded by genes fused in an artificial operon by recombinant DNA tech­
nology.
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